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Chapter 1  
Introduction 
   Public investment is one of the most important ways to activate economic activities, and thus, a large 
volume of funds is invested by national and regional governments. For instance, the Japanese national 
government invested approximately 27.8 trillion yen in 2017, representing approximately 5.2% of its real 
GDP. To find more efficient means of public investment, many studies have investigated the impacts of 
public works (Kline and Moretti: 2013, Busso, Gregory and Kline: 2013).  
   As an important means to stimulate economic activities, industrial agglomeration has been examined 
by urban economists (Fujita, Krugman and Venables: 2001, Fujita and Thisse: 2013). Industrial 
agglomeration activates a region’s economic activities through rich labor markets, low transportation costs 
of inputs and outputs, and knowledge spillovers (Marshall: 1920, Rosenthal and Strange: 2004). In addition, 
positive effects of economic agglomeration are known to spill over to areas in close proximity to urban 
metropolitan areas (Feldman: 1999). Since many developed countries are facing serious declines in 
population, it is important to investigate ways to extend economic agglomeration or to expand the range of 
positive spillover effects. 
 From the abovementioned background, we focus on public investments that have affected the scale of 
regional economic agglomeration or that have expanded the range of spillover effects of economic 
agglomeration. Our empirical analyses suggest that public investments improving accessibility to areas in 
close proximity to urban metropolitan areas can expand the range of positive spillover effects of economic 
agglomeration. In addition, we find that governments can expand economic agglomeration and stimulate 
regional economic activities through public investments that mitigate disaster risks. However, we also find 
that public works aimed at decreasing disaster risks could have negative side effects in limiting the 
agglomeration of specific industries. 
   This dissertation covers three independent empirical studies based on Japanese municipal-level data. In 
chapter 2 we examine the effects of accessibility to the nearest urban metropolitan area on rural poverty. 
The magnitude of positive agglomeration spillover effects decreases with distance from urban metropolitan 
areas, and regional economic performance can decrease with distance from economic 
agglomerations (Rosenthal and Strange :2003, 2006). We conduct nationwide cross-sectional analyses and 
find significant increases in regional poverty rates with time distance from the nearest urban metropolitan 
area. In addition, the study focuses on the establishment of a new commuting train, Tsukuba Express (TX), 
connecting Tokyo to Ibaraki prefecture, a suburban area of Tokyo. We conduct municipal-level panel 
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analyses, and our results suggest the opening of TX reduced rural poverty rates in the surrounding areas 
but that such effects could only be observed after 6–10 years. Therefore, regional policy makers may need 
to ensure that transportation investments that improve interregional accessibility do not affect regional 
economic performance for several years.  
   In chapter 3 we investigate the impacts of flood control dam construction on the location decisions of 
industries operating in downstream areas. It may be that disaster risks prevent regions from developing by 
decreasing incentives to invest. To analyze these points, we focus on four flood control dams and on 50 
municipalities in Shiga prefecture, a suburban area of middle-western Honshu (Japan’s main island), 
between 1965 and 2000. We conduct event study analyses and find that flood control dam construction 
significantly increased the number of manufacturing plants of industries requiring a large amount of 
physical capital in downstream areas. We note that since physical capital only slowly recovers 
establishment costs, manufacturing categories strongly dependent on physical capital would sensitively 
react to a reduction of flood risk. We also find that the number of commerce stores increased in areas 
downstream from the dams. However, the effects took more than 10 years to be observed after the 
completion of flood control dams. We conclude that the commerce industry witnessed positive effects only 
after increases in the number of manufacturing plants in operation because the commerce industry was 
affected by decreases in flood risks through increases in manufacturing plant demands for materials or tools 
for production activities. 
   In chapter 4 we analyze effects on primary industries using water resources from dams. Dam 
construction decreases the volume of nutrients flowing into rivers where dams are located through nutrient 
accumulation at the bases of dam lakes. This study investigates the effects of dam construction on the 
primary sectors of downstream areas based on Japanese municipal data. We focus on one large-scale water 
resource development, the Lake Biwa Comprehensive Development (LBCD) project. We conduct 
municipal-level panel analyses, and our results suggest that the LBCD project decreased agricultural 
productivity and the agglomeration of fisheries in downstream areas. These effects are observed not only 
for Shiga prefecture, the main focus of the project, but also in downstream areas of Lake Biwa. As an 
important point, negative effects of dam construction were not intended by the governments. Such negative 
effects of dam construction on downstream areas’ primary industries and especially on agriculture were not 
considered in their monetary evaluations. Governments must therefore compensate for losses in 
downstream primary industries caused by such water resource developments.
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Chapter 2  
Accessibility to the nearest urban metropolitan 
area and rural poverty in Japan 
 
2.1. Introduction 
Even in developed countries, poverty remains a serious problem. Candy and Smith (2014) compare ten 
different definitions of absolute poverty rates for the United States and point out that one index of absolute 
poverty rates reaches roughly five percent.1 In Japan, the government provides public assistance to people 
in poverty who cannot pay for minimum costs of living, and the share of people receiving public assistance 
increased from 0.70% in 1995 to 1.70% in 2015.2 Given this we can conclude that there are still many 
poor people who cannot support themselves without assistance, and the number has tended to increase more 
recently. Therefore, we must investigate factors shaping poverty in developed countries to reduce poverty 
rates. 
The ILO (2016) announced that improving income levels is crucial to reducing poverty rates. As 
empirical evidence of the relationship between income levels and poverty, Förster and d'Ercole (2005) 
examine OECD countries for the second half of the 1990s and find that poverty rates and income levels are 
strongly correlated. From this discussion factors affecting regional income levels may also affect regional 
poverty levels. 
  As an important factor that affects regional economic performance, we consider agglomeration spillover 
effects. Marshall (1920) mentions the possibility that firms tend to concentrate to secure advantages such 
as rich labor markets, low transportation costs of inputs and outputs, and knowledge spillovers. Such 
benefits of agglomeration increase the productivity of firms in urban metropolitan areas, and the effects are 
known to spill over to surrounding regions. 
                                                        
1 Although the absolute poverty rate is officially defined as the share of people living with an income of 
less than 1.90 dollars per day, the amount is less than 2.00 dollars per day according to Candy and Smith. 
The index of absolute poverty rate of roughly 5% corresponds the definition of absolute poverty given 
in Shaefer and Edin (2013). The index focuses only on households with children and excludes the effects 
of government assistance such as food stamps. As a source, the estimation adopts the Survey of Income 
and Program Participation. 
2 Roughly 2,140,000 people received public assistance in 2015 according to the Ministry of Health, 
Labor and Welfare. 
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  The magnitude of agglomeration spillover effects is known to decrease with distance from urban 
metropolitan areas. Rosenthal and Strange (2003, 2006) empirically investigate six industries in the United 
States. They suggest that the amount of employment rapidly decreases with distance from agglomerations 
in five of six industries. 
  The above discussion suggests that regional economic performance may diminish with distance from 
urban metropolitan areas. In terms of poverty levels, Partridge and Rickman (2008) investigate the 
relationship between regional poverty rates and distance from the nearest urban metropolitan areas by using 
county-level data for the United States and show that a larger linear distance from a nearby urban 
metropolitan area increases poverty rates in counties. Partridge and Rickman interpret the heterogenous 
distribution of poverty as a result of decreases in regional labor demand and wage levels with distance from 
economic agglomerations.  
   In this study we estimate the effects of accessibility to the nearest urban metropolitan area on regional 
poverty by using Japanese municipal-level data. From our nationwide cross-sectional analyses we find that 
a larger time distance to the nearest urban metropolitan area significantly increases regional poverty rates. 
The monetary magnitude is such that a one-minute increase of time distance to the nearest urban 
metropolitan area increased the number of households in poverty by roughly 0.78 and the annual 
expenditure of regional governments for public assistance by approximately 1.75 million yen on average 
in 2014.  
In addition, we focus on the case of a new commuting train that opened in 2005, the Tsukuba Express 
(TX), which connects Tokyo and suburban areas, and we conduct panel analyses to understand the impacts 
of changing levels of accessibility to closely located urban metropolitan areas on rural poverty. From our 
panel analyses we find that improvements in accessibility to the nearest urban metropolitan area 
significantly decrease poverty rates and even when controlling for municipality fixed effects. We also find 
that the effects of reducing regional poverty are observed in municipalities located close to TX. This result 
is consistent with our hypothesis that improvements in accessibility to the nearest urban metropolitan area 
will spread the range of positive spillover effects from urban metropolitan areas, stimulate their economic 
performance, and reduce poverty levels. 
   In a related study, Partridge and Rickman (2008) investigate the relationship between regional poverty 
rates and distance from the nearest urban metropolitan areas in the United States. They show that a larger 
linear distance from a nearby urban metropolitan area increases poverty rates in counties. However, two 
issues are not considered in their study. First, Partridge and Rickman use linear distance as a distance 
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variable, which cannot measure accurate interregional accessibility.3 To solve this problem, we adopt time 
distance, which can measure actual transportation costs as an interregional accessibility variable, as well as 
linear distance. From our estimations, a larger time distance to the nearest urban metropolitan area increases 
regional poverty rates while linear distance to the nearest urban metropolitan area does not shape rural 
poverty. Second, Partridge and Rickman (2008) only conduct a cross-sectional analysis, and their results 
may contain biases resulting from neglecting unobservable regional characteristics. Against this 
background we conduct a panel analysis to understand the effects of changing transportation costs for 
traveling to closely located urban metropolitan areas on rural poverty rates while controlling for time 
invariant regional characteristics, and we find that the opening of a new commuting train reduces poverty 
levels in regions located close to the commuting train.  
In another related study about the location of poverty, Glaeser, Kahn and Rappaport (2008) investigate 
the distribution of poverty in areas roughly 16 kilometers from a CBD in the United States, and they find 
that those living in poverty tend to live in central areas of cities and to enjoy the advantages of better public 
transportation infrastructure. They also point out that regional median income decreases with distance to a 
CBD. However, Clark, Huang and Withers (2003) find that more than one quarter of employees in the 
Seattle labor market had a commute distance of greater than 16 kilometers from their residences in the 
1990s. Since commutable areas have expanded with public transportation and residential development 
specifically in developed countries, it may be that the range used by Glaeser, Kahn and Rappaport is not 
sufficient to consider the distribution of poverty in surrounding areas of urban metropolitan areas.  
   The structure of this paper is as follows. The next section describes mechanisms of the relationship 
whereby access to urban metropolitan areas affects rural poverty in reference to previous studies. Section 3 
describes our estimation models and variables. Section 4 describes the results of our cross-sectional analysis. 
Section 5 describes the configuration of the panel analysis and its results. Section 6 concludes. 
 
2.2. Background Mechanism 
   This section describes the mechanism whereby regional accessibility to closely located urban 
metropolitan areas affects rural poverty referring to previous studies. The seriousness of poverty conditions 
in a region depends on the regional wage and employee level, which is determined as the equilibrium of 
                                                        
3 Boscoe et al. (2012) focus on the relationship between housing prices and distance to the nearest 
hospital in reference to the United States and Puerto Rico. They find that linear distance does not work 
appropriately as a measure of accessibility when there are geographic barriers that prevent people from 
traveling. 
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regional labor demand and labor supply. Partridge and Rickman (2008) formulate a relationship whereby 
regional employment and wage rates affect regional poverty, which can be written as the following function. Poverty( = 	 f(,-./𝑒𝑟(,𝑤𝑟(, 𝒐𝒕𝒉𝒆𝒓𝒊𝒑𝒐𝒗<,																																																													(1) 
where 𝑒𝑟( is the employment rate of region i and where 𝑤𝑟( is its wage rate. 𝒐𝒕𝒉𝒆𝒓𝒊𝒑𝒐𝒗	is the vector of 
other variables that affect the poverty conditions of region i. To understand how	Poverty(		has an effect, we 
consider the effects of 𝑒𝑟( and 𝑤𝑟(. 
   The employee and wage rates of a region depend on the interaction of regional labor demand and labor 
supply. These relationships are written as the following functions. 𝑒𝑟( = 	 f@AB	/𝑙	(D, 𝑙	(E<,																																																																													(2)	𝑤𝑟( = 	 f@GB/𝑙	(D, 𝑙	(E<,																																																																													(3) 
where 𝑙	(D  is the labor demand of region i, and where 𝑙	(E is the labor supply. When other factors are given, 
an increase in 𝑙	(D increases 𝑒𝑟( or 𝑤𝑟(, and an increase in 𝑙	(E decreases 𝑒𝑟( or 𝑤𝑟(. Then, we consider 
factors that determine the level of regional labor demand and labor supply. 
   On the labor demand side, agglomeration economy spillovers and increases in labor demand of 
surrounding regions occur, and spillover effects are known to diminish with distance. Audretsch et al. 
(2005) focus on the location of high technology-based firms in the United States and find that high 
technology-based firms heavily concentrate within 50 kilometers of universities. The above results suggest 
that the level of regional labor demand decreases with distance from economic agglomeration. 
On the labor supply side, rural workers are known to experience difficulties in accessing urban labor 
markets across regions. Lucas (2001) introduces evidence suggesting that rural workers remain in their own 
areas in spite of higher income levels in urban metropolitan areas. Molho (1995) provides evidence 
referenced in Lucas (2001) suggesting that rural workers tend to remain in rural areas due to their 
attachments to the culture or human relations in areas in which they live. In addition, Lucas (2001) identifies 
costs of information about urban labor markets, which increase with distance from urban metropolitan areas, 
as a reason for why rural workers remain in the areas in which they live. 
The above results suggest that while labor demand concentrates in urban metropolitan areas and while 
this demand rapidly diminishes with distance from economic agglomerations, rural worker mobility is low, 
and such workers experience difficulties in migrating to urban metropolitan areas across regions in pursuit 
of higher wages. This causes labor demand to diminish with distance from economic agglomerations with 
a larger slope than that of labor supply. We can express these relationships as the following functions: 
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𝑙	(D =	 f IJ/𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(RS, 𝒐𝒕𝒉𝒆𝒓𝒊𝒍𝒅<,											 VW	XYVZ(E[\]^_X` a < 	0,                   (4) 
𝑙	(E 	= 	 f Id/𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(RS, 	𝒐𝒕𝒉𝒆𝒓𝒊𝒍𝒔<,											 VW	XfgZ(E[\]^_X` a < 	0,													   ?         (5) 
				 VW	XYVZ(E[\]^_X` a 	< 	 VW	XfgZ(E[\]^_X` a,														                          (6) 
where 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(RS is the distance to the nearest urban metropolitan area of region i. From functions (2) 
and (3), increases in 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(RS decrease regional wages or employee levels through changes in 𝑙	(D  and 𝑙	(E, and from function (1) increases in 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(RS worsen regional poverty conditions. The relationship 
can be written as the following function: 
poverty( = 	 f@ijk(𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒(RS, 		𝒐𝒕𝒉𝒆𝒓𝒊),											 VijkABlmnVZ(E[\]^_X` a > 	0,              (7) 
where poverty( is the poverty rate of region i. 
   From the above discussion we assume that stronger accessibility to closely located economic 
agglomerations improves regional poverty conditions. We examine the impact of distance to the nearest 
urban metropolitan area on rural poverty rates with Japanese municipality level data. 
 
2.3. Cross-sectional analysis 
2.3.1. Empirical strategy 
   Based on the above theoretical background, this section describes the estimation model that explains 
municipalities’ poverty rates. The estimation model is as follows:  Pov( = 𝛼( + βDistance( + δ𝐗𝒊 + θPrefecture( 	+ u(. 	 																											 	 	 	 	 (8) 
   Pov(  is municipality i’s poverty rate. Distance(  is municipality i’s distance to the nearest urban 
metropolitan area. According to the above discussion, we expect that β to be negative. 
   𝐗𝒊 is the vector with variables relating to municipality i’s poverty rate. It includes three types of 
variables explaining municipality i’s population structure, economic activity, and education level. 
   Prefecture(  is a prefecture dummy in which municipality i is contained. We use it to control for 
heterogeneity comes from the prefecture of municipality i. u( is the error term. 
 
2.3.2. Data 
   This section describes the data that we use. First, we clarify the definition of municipalities and urban 
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metropolitan areas.  
The Japanese government defines a municipality as the smallest unit of an administrative district 
composed of cities, towns, villages, and specified districts.4 We define urban metropolitan areas as 
municipalities with populations of over 300,000; this is a condition of the core city, which is a legal urban 
metropolitan area determined by article 252 of the Local Autonomy Law.5 In Japan, there were 71 urban 
metropolitan areas in 2012. In addition, we regard 23 specified districts in the Tokyo metropolitan area as 
one urban metropolitan area. In this study, each municipality has a nearest urban metropolitan area. The 
nearest urban metropolitan area of a municipality is defined as the urban metropolitan area at the closest 
linear distance to a rural municipality. 
Since we cannot observe the distribution of poverty in each municipality and the distance between each 
household in urban areas and the center of an urban metropolitan area, we exempt municipalities that are 
urban metropolitan areas from our sample. In this study, we focus on the distribution of poverty in suburban 
and rural areas. 
   Distance( is municipality i’s distance to the nearest urban metropolitan area. In our cross-sectional 
analysis, we adopt linear distance, time distance by car, and time distance by public transport as 
accessibility variables to the nearest urban metropolitan area. 
   Linear distance is measured as the linear distance in kilometers between the government offices of a 
rural municipality and the municipality’s nearest urban metropolitan area. We calculate linear distances 
between municipalities using location-based and coordinate conversion services provided by the Geospatial 
Information Authority of Japan.  
   Time distance by car measures how long people must spend to travel between two government offices 
by car. This variable is calculated using Google Maps.6 Time distance by public transport is the amount of 
time people must spend to travel between the municipality in which they live and its nearest urban 
metropolitan area by train and bus.7 We calculate this variable with Timetables published by the Japan 
Travel Bureau (JTB), a representative timetable of public transportation in Japan. For municipalities that 
include stations, we measure the time distance between their representative station, which is defined in 
                                                        
4 In 2012, there were 1,747 municipalities that included 786 cities, 754 towns, 184 villages, and 23 
specified districts in the Tokyo metropolitan area. 
5 In 2016, the definition of a core city was changed to a city with a population of over 200,000. 
However, we adopt the previous definition used in 2012, the period of our sample. 
6 We obtain data for 2016. 
7 Each municipality’s principal station is defined by its government. 
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Timetables, and the representative station of its nearest urban metropolitan area.8 For municipalities 
without stations we add the time distance between their government offices’ nearest bus stops and the 
nearest stations to the time distance for traveling from a rural station to the representative station of the 
nearest urban metropolitan area. We calculate the optimal path between a rural municipality and its nearest 
urban metropolitan area for commuters.9 The unit of time distance is one minute. 
   As a measure of regional poverty rates we adopt a municipality’s share of households receiving public 
assistance. This is defined as the ratio of households receiving public assistance to 100 households in each 
municipality. To receive public assistance a household must live under the poverty line, which is determined 
by standards created by the Ministry of Health, Labour and Welfare (MHLW). Each municipality’s income 
threshold for providing public assistance controls for each municipality’s price level determined by the 
MHLW. We regard municipalities’ shares of households receiving public assistance work as a proxy for the 
absolute poverty rate, which is defined as “the inability to meet basic needs of health and nutrition” (Deaton, 
2004, pp11). As an additional reason to adopt public assistance, little municipal-level data on poverty in 
Japan are available. To calculate the public assistance rate of each municipality, we use Prefectural Statistic 
Manuals (2012).10 
   Table 2.1 shows the number and share of reasons for discontinuing public assistance to households in 
Japan as a whole between 2012 and 2016. For all types of households, the share of public assistance 
removed due to increasing employment income is not a considerable at between 13.9 and 16.0%. The main 
process affecting this category is the death of a receiver (28.6-34.0%) and mostly for elderly households 
and households with handicapped members not in the labor force. Without these effects for fatherless 
households and other households, the main cause of discontinued public assistance is an increased income 
or income from a job (29.5-36.0% for other households). Given this data, we note that many households 
receive public assistance due to receiving little or no income even when active in the labor force, and that 
improvements in municipal wage or employee levels could reduce the share of households receiving public 
assistance. 
                                                        
8 In a cross-sectional analysis we refer Timetables (2010) records for time distance by public transport 
for April 1st, 2010. 
9 The optimal path is calculated as the fastest path from a rural station to the representative station of the 
nearest urban metropolitan area, but we exempt limited express trains and bullet trains, which take higher 
fares as commuting methods.  
10 The Prefectural Statistic Manuals (2012) record each dataset for 2011. 
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   Partridge and Rickman (2008) use county-level poverty rates based on the poverty standard defined by 
the U.S. Census Bureau. The standard aims to identify whether a household is in absolute poverty, and it 
controls for states’ price levels and for the number of household members; it applies similar requirements 
to those of the Japanese income threshold for receiving public assistance. Similarities between the two 
poverty standards allow us to easily compare our estimation results to those of Partridge and Rickman 
(2008). 
   Using 𝐗𝒊 we control for factors relating to municipality i’s poverty rate. It covers three types of 
variables. (I) Variables that explain municipality i’s population structure include the number of 
households and age structures (the share of the population under 15 and the share of the population over 
65). (Ⅱ) Variables on municipality i’s economic performance include industrial structure (the share of 
laborers in the primary and manufacturing sectors) and municipality i’s unemployment rate. 
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(Ⅲ) Variables reflecting municipalities’ education levels include the share of people who have graduated 
from a university and the share of high school graduates. To obtain these variables, we use the Statistical 
Observations of Prefectures provided by the Ministry of Internal Affairs and Communications Statistics 
Bureau (2010).11 
   Table 2.2 presents the summary statistics. We use 33 prefectures from a total of 47 reporting the share 
of households receiving public assistance at the municipal level.12 We find from the table that the mean 
municipal linear distance to the nearest urban metropolitan area is roughly 35 kilometers, and time 
distance is roughly 50 minutes. This indicates that we can focus on the distribution of poverty in suburban 
areas unlike the geographical range examined by Glaeser, Kahn and Rappaport (2008), we investigate 
distributions of the poor in urban metropolitan areas. The table also shows that the mean poverty rate is 
approximately 2.3%. This is much lower than the relative poverty rate in Japan of roughly 16% for 2012 
announced by the OECD. We thus focus only on households in serious poverty which is difficult to live 
under with minimum standards without receiving public assistance.  
                                                        
11 The Statistical Observations of Prefectures (2010) records data for 2010. 
12 The 33 available prefectures include Aichi, Chiba, Fukui, Fukuoka, Fukushima, Gifu, Hiroshima, 
Hokkaido, Hyogo, Ibaraki, Iwate, Kagawa, Kagoshima, Kanagawa, Kochi, Kumamoto, Kyoto, Miyazaki, 
Nagasaki, Nara, Oita, Okinawa, Osaka, Saga, Saitama, Shiga, Shimane, Tochigi, Tokyo, Tottori, Toyama, 
Wakayama, and Yamaguchi.  
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2.4. Cross-sectional results 
   This section describes the results of our cross-sectional estimation. Table 2.3 shows the estimation 
results. Column (1) uses linear distance as Distance(, and its coefficient is positive and insignificant. This 
result suggests that linear distance to the nearest urban metropolitan area does not have significant effects 
on rural poverty rates. Column (2) adopts time distance by car as Distance(. The coefficient is positive 
with 10% statistical significance. For magnitude we find that one-minute increases of time distance by car 
to the nearest urban metropolitan area increase rural poverty rates by roughly 0.003 percentage points. 
Column (3) shows the estimation of time distance by public transport, and its coefficient is positive with 
5% statistical significance. This result is roughly the same as that of estimation (2). One-minute increases 
of time distance by public transport to the nearest urban metropolitan area increase rural poverty rates by 
roughly 0.002 percentage points. 
   Columns (1)–(3) are fundamentally consistent with the results of Partridge and Rickman (2008) in 
suggesting that a longer distance to the nearest urban metropolitan area will worsen rural poverty conditions. 
However, our results also show that there is a difference between the significance of linear distance and 
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time distance. From columns (1)–(3) we find that while a municipality’s linear distance to the nearest urban 
metropolitan area does not have significant effects on rural poverty rates, time distance significantly affects 
rural poverty rates. These results suggest that while linear distance does not precisely capture interregional 
accessibility in regions such as Japan that have many geographical barriers, time distance can measure 
accessibility.  
   We consider the monetary impact of distance to the nearest urban metropolitan area on rural 
governments. From column (3) the magnitude of a one-minute increase of time distance represent roughly 
0.002 percentage point increase in rural poverty rates. These results show that, for instance, an increase of 
10 minutes of time distance to the nearest urban metropolitan area causes municipalities’ annual 
expenditures on public assistance to increase by approximately 17.5 million yen on average.13 
                                                        
13 In 2014 there were roughly 56.4 million households in Japan and roughly 1.6 million households 
received public assistance; thus, the share of households receiving public assistance was approximately 
2.38%. There were 1,718 municipalities in 2014, and each municipality includes roughly 931 households 
receiving public assistance on average. Total expenditures of the Japanese government on public 
assistance amounted to roughly 3,843 billion yen, and when dividing total expenditures by the number of 
municipalities, a municipality’s average expenditures on public assistance was roughly 2.2 billion yen. 
From the average number of households receiving public assistance and from the size of expenditures, the 
average level of public assistance dedicated to each household amounted to roughly 2.4 million yen. 
From the results of (2) and (3), an increase of 10 minutes of time distance increases the share of public 
assistance by roughly 0.02; this adds roughly 7.82 households with public assistance. From this result, a 




   It may be that the scale of economic agglomeration affects the magnitude of spillover effects on 
surrounding regions. In analyses (4)–(9) we divide municipalities by the scale of the population of their 
nearest urban metropolitan areas. We define the threshold of municipalities as whether their nearest urban 
metropolitan area has a population of over 500,000; this is one of the requirements for designation as an 
ordinance designated city, a representative system for define metropolises in Japan. Columns (4)–(6) 
present the results of estimations using municipalities whose nearest urban metropolitan area has a 
population of larger than 500,000. Columns (7)–(9) cover use municipalities with populations of less than 
500,000. 
As a distance variable, linear distance is used in column (4), time distance by car is adopted in column 
(5), and time distance by public transport is used in column (6). The results of columns (4)–(6) suggest that 
distance to the nearest urban metropolitan area does not have significant effects on rural poverty rates in 
municipalities whose nearest urban metropolitan area has a population larger than 500,000. From columns 
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(7)–(9) we observe qualitatively similar results to those of columns (1)–(3) in that the coefficient of linear 
distance is positive and insignificant, and the coefficients of time distance by car and public transport are 
positive and statistically significant. Column (7) uses linear distance as Distance(, and its coefficient is 
positive and insignificant. Column (8) adopts time distance by car as Distance(. The coefficient is positive 
with 10% statistical significance. This result shows that one-minute increases of	Distance( increase rural 
poverty rates by roughly 0.002 percentage points. Column (9) provides the estimation with time distance 
by public transport, and its coefficient is positive with 10% statistical significance. This result suggests that 
one-minute increases of Distance(  cause rural poverty rates to increase by roughly 0.002 percentage 
points. Columns (4)–(9) show that whereas distance to the smaller urban metropolitan areas impacts rural 
poverty rates, accessibility to larger urban metropolitan areas does not have significant effects. 
We consider why only municipalities closely located to a smaller urban metropolitan area experience 
significant effects of distance to urban metropolitan areas. From columns (5) and (8) we find that in 
municipalities close to a larger urban metropolitan area, the magnitude of the coefficient (roughly 0.002) is 
larger than that of municipalities close to a smaller urban metropolitan area (roughly 0.0018). However, the 
coefficient for municipalities close to a larger urban metropolitan area has a considerably higher standard 
error (roughly 0.0012) than that of municipalities close to a smaller urban metropolitan area (roughly 
0.00075), resulting in the insignificance of time distance shown in column (5). From columns (5), (6), (8), 
and (9) we observe that municipalities close to larger urban metropolitan areas consistently have a larger 
standard error of time distance to the nearest urban metropolitan areas than municipalities close to smaller 
urban metropolitan areas. This suggests that there are broader heterogeneities in the impacts of 
agglomeration economies from the nearest urban metropolitan area among municipalities positioned close 
to larger urban metropolitan areas than among those positioned close to smaller urban metropolitan areas; 
for example, only some of the municipalities receive significant benefits through the strong accessibility to 
the nearest urban metropolitan area while the others do not. We consider the possibility that such 
heterogeneities are caused by urban shadow effects whereby an urban metropolitan area reabsorbs 
economic activities of surrounding regions, resulting in their economic declines. Larger metropolitan areas 
may present more serious urban shadow effects on their surrounding areas, resulting in insignificant effects 
of accessibility to the nearest urban metropolitan area with more than 500,000 residents on poverty levels 
in surrounding areas. 
 
2.5. Panel analysis  
   Although our estimation model includes all possible variables to control for municipality heterogeneity, 
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our model may still miss unobservable characteristics that cannot be controlled by these variables, and the 
results may include some biases. To control for unobservable time invariant heterogeneities of 
municipalities, we conduct a panel analysis and estimate the impact of improving accessibility to the nearest 
urban metropolitan area on rural poverty rates. 
 
2.5.1. Opening of TX 
   To control for unobservable and time invariant characteristics of municipalities, we focus on the 
opening of a new commuting train running between Tokyo and its surrounding cities, Tsukuba Express 
(TX), in 2005. TX connects the city of Tsukuba in Ibaraki prefecture, a northern suburban area of Tokyo, 
to the Akihabara area located in the Tokyo CBD. The opening of TX shortened the time distance between 
Tsukuba and Akihabara from 60 minutes to 40 minutes. This drastic change in accessibility to urban 
metropolitan areas might affect the geographic range of spillover effects of economic agglomeration on 
regions surrounding the rail line. For instance, households’ job selection behaviors or firms’ location 
decisions may reflect the impacts of changing levels of accessibility in municipalities surrounding the 
railway. Since the railway also includes a station in Kashiwa (an urban metropolitan area in Chiba 
prefecture), the opening of TX might have impacts resulting from a change in accessibility to other smaller 
urban metropolitan areas and to Tokyo. Figure 2.1 shows routes of TX and the Joban line, an existing 
railway connecting municipalities in Ibaraki to Tokyo. The TX route is shown in red, and the Joban line is 
shown in blue. Each circle represents a railways station. 
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2.5.2. Panel analysis 
   We create panel data and estimate the impacts of accessibility to urban metropolitan areas on 
municipalities’ poverty rates while controlling for the time invariant characteristics of municipalities. To 
create the panel data, we use JTB’s Timetables (JTB, 2000, 2005, 2010, 2015) and calculate the time 
distance between stations using the appropriate commuting route. The estimation model is as follows: Pov([ 	= α([ + 	βTimeDistance([ 	+ 	δ𝐗([ + η( +	ε([.																		 	 	 	 				 	 (9) η( denotes municipality fixed effects. ε([ is the error term derived from the time variant characteristics of 
municipality i. 
 
In our panel analysis only time distance by public transport is used as distance variable, as linear 
distance cannot identify changes in interregional accessibility. Additionally, we cannot observe the previous 
time distance by car. 
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Ibaraki prefecture is divided into five regions: the central, southern, western, northern, and Rokko 
regions.14 TX terminates at the city of Tsukuba in the southern region. Figure 2.2 shows the main suburban 
cities of Mito, Hitachi and Tsukuba: five regions of Ibaraki prefecture and the TX route. As there is a 
difference in proximity to the new commuting train among the municipalities, the impact of TX’s opening 
might only affect municipalities greater access to the new railway.  
We consider the possibility that the city of Tsukuba containing the Tsukuba terminal, the terminus of 
TX, and its surrounding areas are independent from the other area of Ibaraki prefecture. Kanemoto and 
Tokuoka (2002) define a Japanese core metropolitan area as an area including a core city with a Density 
Inhabited District (DID) and with more than 10 thousand residents and with suburban municipalities with 
more than 10% of workers commuting to the core city. Ibaraki prefecture includes three core metropolitan 
areas (the Mito, Hitachi and Tsukuba metropolitan areas) according to the National Census (2010). 
Although each municipality can be contained in multiple metropolitan areas according to the definition 
provided by Kanemoto and Tokuoka, no municipalities overlap across the Mito, Hitachi and Tsukuba 
metropolitan areas. Given this we assume that the metropolitan areas are strongly independent from one 
another. Since TX passes the Tsukuba metropolitan area but does not pass the Mito and Hitachi 
metropolitan areas, the establishment of TX would especially affect municipalities in the Tsukuba 
metropolitan area. 
Japan experienced a period involving numerous mergers of municipalities known as the great merger 
of Heisei. A peak occurred in 2005; on March 31th, 2004 there were 3,132 municipalities in Japan, and the 
number had decreased to 1,821 by March 31th, 2006. Also in Ibaraki, the number of municipalities 
decreased from 85 to 44 in the period we focus on in this study. To control for these municipal mergers, we 
add each variable for municipalities to variables for municipalities involved in a merger for the period 
before the merger. 
To observe the effects of proximity to TX on the magnitude of the impact of TX opening, we introduce 
a cross-term of TimeDistance([ and an indicator that identifies whether a municipality is positioned close 
to TX. The estimation model is as follows: 
                                                        
14 Each region is composed of municipalities as follows: the Central (the cities of Kasama, Mito, and 
Omitama and the towns of Ibaraki, Oarai, and Shirosato), South ( the cities of Inashiki, Ishioka, 
Kasumigaura, Ryugasaki, Thukubamirai, Toride, Tsuchiura, Tsukuba, and Ushiku; the village of Miho; 
and the towns of Ami and Kawachi), West (the cities of Bando, Chikusei, Joso, Koga, Sakuragawa, 
Shimotsuma, and Yuki and the town of Yachiyo), North (the cities of Hitachi, Hitachinaka, Hitachiomiya, 
Hitachiota, Kitaibaraki, Naka, and Takahagi; the town of Daigo; and the village of Tokai), and Rokko 
regions (the cities of Hokota, Itako, Kamisu, Kashima, and Namekata).  
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Pov([ 	= α([ + 	βTimeDistance([ 		+ 	γTimeDistance([ × ClosetoTX( 	+	δ𝐗([ + η( + ε([.   (10) 
We define regions closer to TX as the West and South regions; when a municipality is located in one of the 
regions, the indicator becomes one. 
   Table 2.4 shows summary statistics for our panel analysis. We find from the table that time distance to 
the nearest urban metropolitan area of a municipality close to TX dramatically decreased after TX 
establishment. On the other hand, in municipalities not positioned close to TX, time distance to the nearest 
urban metropolitan area of a municipality slightly decreased. We consider the possibility that decreases in 





   Table 2.5 presents the results of our panel analysis. Columns (1)–(2) show the results of the analysis for 
the whole sample (2000, 2005, 2010, and 2015). In column (1), the coefficient of TimeDistance([  is 
positive and insignificant. This shows that time distance to the nearest urban metropolitan area does not 
affect rural poverty rates. We then include the interaction term between TimeDistance([ and ClosetoTX( 
in our model as well as TimeDistance([. In column (2), the coefficient of TimeDistance([ is negative and 
insignificant, and the coefficient of the cross-term is positive with 10% significance. The magnitude of the 
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interaction term denotes that one-minute decreases of TimeDistance([  reduce rural poverty rates by 
roughly 0.006 percentage points.  
   From columns (1) and (2) we find that accessibility to the nearest urban metropolitan area does not have 
significant impacts on rural poverty rates overall in the Ibaraki prefecture. However, column (2) suggests 
that time distance to urban metropolitan areas affects rural poverty in municipalities that are closer to TX. 
From these results we find that the opening of TX affected only those municipalities with greater 
accessibility to TX. Although time distance to the nearest urban area also changed in regions not close to 
TX, their poverty rates do not reflect changes in accessibility. We consider the possibility that a slight 
change in accessibility to urban metropolitan areas cannot spread or strengthen agglomeration spillover 
effects enough to improve rural poverty conditions while the opening of TX caused a significant 
improvement in accessibility to urban metropolitan areas, which was sufficient to improve poverty rates in 
areas peripheral to TX. 
 
From Table 2.4 we find that while municipalities close to TX decrease their time distance to the nearest 
urban metropolitan area by roughly 15.2 minutes on average (from 42.3 to 27.1), municipalities far from 
TX decrease their time distance by only approximately 3.8 minutes (from 73.0 to 69.2). This difference in 
magnitude may reflect the municipalities’ accessibility to TX, and the poverty conditions of municipalities 
close to TX might be more sensitive to the opening of TX than those of municipalities positioned far from 
TX. Roberto (2008) empirically investigates the case of the United States and finds that the working poor 
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are subjected to a greater burden of commuting costs than the national median in eight metropolitan cities. 
Their result suggests that those living in poverty experience less price elasticity in commuting costs than 
those not living in poverty. When improved commuting costs to the nearest urban metropolitan area are 
still too expensive for those living in poverty, municipalities’ poverty conditions may not reflect changing 
levels of accessibility to urban areas. From this discussion we consider the possibility that a slight change 
in accessibility to urban areas cannot affect rural poverty rates significantly. 
   From columns (4) and (6) of Table 2.5 we find a time lag between the opening of TX and changes in 
regional poverty levels. Chandra and Thompson (2000) focus on the lag of firm relocation after 
improvement are made in interstate transportation in the United States. They find that impacts of new 
interstate highways on suburban regions’ labor demands do not appear to be significant until several years 
later. Their results suggest that improvements in accessibility to a closely located urban metropolitan area 
spread agglomeration spillover effects and increase labor demand in surrounding regions but that lags occur 
before the effects appear. Provided that lags occur in cases of opening commuting trains, an improvement 
in poverty rates may not be observed until several years after the opening of TX in the surrounding areas.  
   To observe the lags of effects appearing after TX opening, we conduct panel analyses (3)–(6). Columns 
(3)–(4) show the results of analyses conducted on our sample for 2005 and 2010. On the other hand, 
columns (5)–(6) show the results of analyses conducted on our sample for 2005 and 2015. Columns (3) and 
(5) adopt time distance to the nearest urban metropolitan area as a distance variable. Columns (4) and (6) 
further apply the cross-term between ClosetoTX( and TimeDistance([, as well as TimeDistance([. 
In column (3) the coefficient of TimeDistance([  is negative and insignificant. In column (4) the 
coefficient of TimeDistance([ is positive and insignificant, and one of the cross-terms is negative and 
insignificant. In column (5) the coefficient of TimeDistance([ is positive and insignificant. In column (6) 
the coefficient of TimeDistance([ is negative and insignificant, and one of the cross-terms is positive with 
5% statistical significance. 
Columns (3)–(4) show that time distance to urban metropolitan areas does not have significant effects 
on rural poverty rates in 2005 and 2010. However, from columns (5) and (6) we find that one-minute 
increases of time distance to the nearest urban metropolitan area cause rural poverty rates to increase by 
approximately 0.012 percentage points in municipalities close to TX. These results show that the economic 
effects of TX establishment on peripheral regions did not appear until 6–10 years later. Our results are 
consistent with the findings of Chandra and Thompson (2000), which suggest that the effects of 
improvements in accessibility to urban metropolitan areas take some years to be observed. 
However, as another explanation of the results of our panel analyses, TX opening may have spurred 
inflows of wealthy people to municipalities proximal to TX through an effect called gentrification. If the 
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opening of TX attracted those not living in poverty to the Tsukuba metropolitan area, it may have decreased 
regional poverty rates even if the number of the people living in poverty did not change. To determine 
whether the opening of TX decreased the number of low income residents living in areas proximal to TX, 
we conduct panel analyses focusing on the impacts of TX establishment on the number of households of 
each income level. If improvements in accessibility to the nearest urban metropolitan area with TX 
establishment increased regional labor demand in municipalities proximal to TX, the number of low income 
households should have decreased in municipalities after the opening of TX, decreasing rural poverty rates. 
Table 2.6 shows summary statistics for the number of households classified by annual income: less 
than 3,000,000 yen, 3,000,000 - 5,000,000 yen, 5,000,000 - 10,000,000 yen and more than 10,000,000 
yen.15 Data are also divided between periods before and after TX opening, by the locations of 
municipalities, and by proximity to TX. From the table we find that the number of households earning 
less than 3,000,000 yen, 3,000,000 - 5,000,000 yen, and 5,000,000 - 10,000,000 yen increased after the 
opening of TX for both groups of municipalities. On the other hand, the number of households earning 
more than 10,000,000 yen decreased after TX establishment in both groups.   
 
                                                        
15 We obtain municipal-level data for households divided by income level from The House and Land 
Statistics Survey conducted by the Ministry of Internal Affairs and Communications Statistics Bureau. 
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We conduct a panel analysis to investigate the impacts of TX establishment on the number of 
households of each income level. The estimation models are as follows: lnHouseholds([ 	= α([ + 	βTimeDistance([																																																																																			 																																																			+	γTimeDistance([ × ClosetoTX( 	+ η( + ε([.                   (11) 
In estimation model (11), lnHouseholds([  is the natural logarithmic of the number of municipality i’s 
households classified by income level in year t. 
   Table 2.7 presents the results of the panel analyses based on estimation model (11). Column (1) 
shows the results of the analysis adopting the natural logarithm of the number of households earning less 
than 3,000,000 yen as the explained variable. In column (1), the coefficient of time distance to the nearest 
urban metropolitan area is negative with one percent significance. The magnitude shows that one-minute 
increases in TimeDistance([	 reduce the number of households earning less than 3,000,000 yen by 
roughly 0.007 percentage points. Then, the coefficient of the cross-term is positive with five percent 
significance. The magnitude of the interaction term denotes that one-minute decreases of TimeDistance([ reduce the number of households earning less than 3,000,000 yen by roughly 0.008 
percentage points in municipalities proximal to TX. 
Column (2) shows the results of our estimation adopting the natural logarithm of the number of 
households earning between 3,000,000 and 5,000,000 yen as a dependent variable. In column (2) the 
coefficient of TimeDistance([ is negative with five percent significance. The magnitude denotes that 
one-minute increases in TimeDistance([	 reduce the number of households earning between 3,000,000 
and 5,000,000 yen by roughly 0.009 percentage points. The coefficient of the cross-term is positive with 
10% significance. The magnitude of the interaction term denotes that one-minute decreases of TimeDistance([ reduce the number of households earning between 3,000,000 and 5,000,000 yen by 
roughly 0.007 percentage points in municipalities proximal to TX.  
Column (3) uses the natural logarithm of the number of households earning between 5,000,000 and 
10,000,000 yen as the explained variable and shows similar results to those of columns (1) and (2) for 
points of coefficients of TimeDistance([ and the cross-term. The coefficient of time distance to the 
nearest urban metropolitan area is negative with one percent significance. The magnitude denotes that 
one-minute increases in TimeDistance([	 reduce the number of households earning between 3,000,000 
and 5,000,000 yen by roughly 0.009 percentage points. Then, the coefficient of the cross-term is positive 
with 10% significance. The magnitude of the interaction term denotes that one-minute increases of TimeDistance([ increase the number of households earning between 5,000,000 and 10,000,000 yen by 
roughly 0.005 percentage points in municipalities proximal to TX. 
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Column (4) describes the results of an analysis adopting the natural logarithm of the number of 
households earning more than 10,000,000 yen as a dependent variable. In column (4), the coefficient of TimeDistance([ is negative and insignificant. Then, the coefficient of the cross-term is positive and 
insignificant. These results show that time distance to the nearest urban metropolitan area does not affect 
the number of households earning more than 10,000,000 yen. 
Regarding TimeDistance([, the results of columns (1), (2) and (3) show that increases in time 
distance to the nearest urban metropolitan area decrease the number of households earning less than 
3,000,000 yen, 3,000,000 to 5,000,000 yen, and 5,000,000 to 10,000,000 yen across Ibaraki prefecture. 
From these results we find that households with incomes of less than 10,000,000 yen tend to relocate to 
areas with better accessibility to the nearest urban metropolitan area to lower commuting costs. Moreover, 
we also find that higher income households sensitively react to lower time distances to the nearest urban 
metropolitan area. This is consistent with our above discussion showing that lower income households 
enjoy less mobility than higher income households. From the above discussion, we note that 
improvements in accessibility to the nearest urban metropolitan areas attract households earning less than 
10,000,000 yen, and the scale of impacts depends on household income levels. However, column (4) 
suggests that the number of households earning more than 10,000,000 yen (the wealthiest cohort included 
in our sample) was not affected by time distance to the nearest urban metropolitan area. We posit that 
since households with incomes of more than 10,000,000 yen have enough income to reside in desirable 
areas, they do not respond to improvements in accessibility to the nearest urban metropolitan area with 
relocation. 
Regarding the cross-term, columns (1) – (3) show that increases in time distance to the nearest urban 
metropolitan area increase the number of households with incomes of less than 3,000,000 yen, of 
3,000,000 and 5,000,000 yen, and of 5,000,000 and 10,000,000 yen for municipalities proximal to TX. 
These results are consistent with our assumption that improvements in accessibility to the nearest urban 
metropolitan area increase regional income levels and reduce the number of lower income households 
earning less than 3,000,000 yen in the sample. The results also show that the number of households 
earning between 3,000,000 and 5,000,000 yen and between 5,000,000 and 10,000,000 yen decrease with 
improvements in accessibility to the nearest urban metropolitan area. Since there is a tendency for lower 
income households to be strongly affected by time distance to the nearest urban metropolitan area, we 
except the reduction in the number of households earning between 3,000,000 and 5,000,000 yen and 
between 5,000,000 and 10,000,000 to be partly canceled out by lower income households before TX 
establishment and for incomes to increase after TX establishment.  
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The above results show that the opening of TX decreased the number of low income households in 
municipalities proximal to TX. We also observe that improvements in accessibility to the nearest urban 
metropolitan area attract households earning less than 10,000,000 yen. These results suggest that 
improvements in accessibility to the nearest urban metropolitan area decrease regional poverty levels by 
increasing regional income levels while activating economic activity in these areas through inflows of 
households from other areas. 
 
   However, it may be that decreases in the number of lower income households are a mere result of those 
living in poverty being driven out by increased housing rents resulting from gentrification. If gentrification 
caused increases in housing rents in areas proximal to TX, rendering rents too expensive for the poor, those 
in poverty would have needed to relocate to other areas with lower housing rents, and we should observe 
decreases in the number of lower income households in the Tsukuba metropolitan area. 
We believe that those living in poverty before TX opening were not driven from their residences even 
after the opening of TX for two main reasons. First, as a legal condition protecting those in poverty from 
being driven out, the Leased Land and House Lease Law is enforced in Japan. The law provides that owners 
can increase rents only when "the building rent becomes unreasonable, as a result of the increase or 
decrease in tax and other burdens relating to the land or the buildings, as a result of the rise or fall of land 
or building prices or fluctuations in other economic circumstances, or in comparison to the rents on similar 
buildings in the vicinity, the parties may, notwithstanding the contract conditions".16 Moreover, the law 
                                                        
16 Article 32 (1) of the Leased Land and House Lease Law. 
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allows residents to negotiate with the owners through civil conciliation and to deposit their rents in the 
same amount before rent levels change. Therefore, we conclude that those living in poverty were not 
immediately driven out even after gentrification occurred. 
Second, since relocation costs place more serious burdens on those living in poverty than on those not 
in poverty, the poor tend to remain in their residences for longer periods of time. Table 2.8 shows the number 
and share of households classified by monthly housing rent levels and periods of residence in Ibaraki 
prefecture in 2013.17 We find that for those with housing rents of 0 - 10,000 yen and 10,000 – 20,000 yen, 
more than 30% of households had resided in their current residences for 13 or more years. For households 
with housing rents of 20,000 – 40,000 yen, the share of those living in the same residence for more than 13 
years is roughly 24.6%, and this share decreases with increases in housing rent. Since housing rent is very 
positively related to household income, we can conclude that households living in poverty enjoy less 
mobility than those not in poverty.  
 
   From the above discussions we conclude that many households living in poverty before TX 
establishment continued to live in the same rental units even after TX opening, and the number of lower 
income households decreased in areas proximal to TX after TX opening. Therefore, we conclude that 
improvements in accessibility to the nearest urban metropolitan area improve the living standards of those 
living in poverty in surrounding areas, and our results suggest that decreases in poverty rates resulting 
from TX establishment (described in Table 2.5) are not a mere result of increases in the number of 
residents not living in poverty due to gentrification. 
   In addition, we discuss changes of trends of commuting activities in Ibaraki Prefecture after TX 
opening. Figure 2.3 shows transition of the share of commuters to municipalities where they live in or to 
                                                        
17 Data are drawn from The House and Land Statistics Survey conducted by the Ministry of Internal 
Affairs and Communications Statistics Bureau (2018). 
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Tokyo.18 In the graphs, municipalities in Ibaraki Prefecture are classified by proximity to TX. The left 
graph suggests that, in municipalities not closely located to TX, the share of commuters to the 
municipalities where they live in decreased more than in municipalities close to TX after opening TX. 
From the right one, we can observe that the share of commuters to Tokyo more greatly increased in 
municipalities not close to TX than in municipalities close to TX after TX opening. From those data, we 
consider that TX opening did not increase commuters to Tokyo in municipalities close to TX compared to 
municipalities not close to TX. The decreases in the poor in municipalities close to TX might be caused 
not by better commuting condition to the metropolitan areas, but by expand of ranges of agglomeration 
spillover effects and increases in regional labor demand.  
 
2.6. Conclusion 
   We investigate the relationship between municipalities’ accessibility to the nearest urban metropolitan 
area and rural poverty rates by focusing on the case of Japanese municipalities. We find that while 
increasing the time distance to the nearest urban metropolitan area increases rural poverty rates, linear 
distance does not explain rural poverty. When focusing on a case involving many geographical barriers, 
there is a difference between linear distance and time distance in explaining the spillover effects of urban 
agglomeration on regional economic performance. 
   Moreover, we focus on the impacts of the opening of commuting train TX in 2005 on surrounding 
municipalities’ poverty rates and we conduct a panel analysis to control for time invariant characteristics 
of municipalities. Even when we control for regional time invariant characteristics, the causal effects of 
access to the nearest urban metropolitan area on rural poverty rates are significant for municipalities 
                                                        
18 We refer the Japanese national Census (2000, 2005, 2010 and 2015) 
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positioned close to the new commuting train. This result suggests that slight changes in accessibility to the 
nearest urban metropolitan area do not significantly affect regional poverty levels. 
   From our estimations, one-minute increases in time distance to the nearest urban metropolitan area 
increase rural poverty rates by roughly 0.002 percentage points. This implies that roughly 0.78 additional 
households begin to receive public assistance, increasing annual expenditures made on public assistance 
by roughly 1.75 million yen on average. In addition, we find that the economic effects of TX establishment 
on surrounding regions did not appear until 6–10 years later. This result suggests that when governments 
invest in transportation infrastructures to improve their economic performance, they ought to expect effects 
to appear only a few years later. 
   Our results show that economic agglomeration spillovers are effective in reducing poverty levels in 
surrounding regions and that improved accessibility to proximal urban metropolitan areas increases the 
magnitude and range of effects. Transportation investments that improve levels of accessibility to urban 





Impacts of constructing flood control dams on 
industrial investments in downstream regions in 
the case of Shiga Prefecture 
 
3.1. Introduction 
   Flood disasters have caused serious damages to human economic activities. For instance, Toyota plants 
in Thailand experienced a large-scale flood in July 2011, and they lost production opportunities of 
approximately 260,000 cars.19 In June 2018, floods in Guanajuato State in middle Mexico hit Honda plants, 
and monetary damages accumulated of more than 50 billion yen.20 Ways to reduce natural disaster risk 
and damages remain an important theme.  
Disaster risk is known to affect industrial investment activities. Gourio (2012) focuses on the impacts 
of natural disasters on regional economic activities using the real business cycle model and suggests that 
larger disaster risk reduce the investment amount.  
In terms of capital structure, disaster risk decrease expectations for physical capital’s return and prevent 
firms from investing in physical capital with low mobility (Skidmore and Toya: 2002). To determine the 
reason for the decreases in investments in physical capital, Kahn (2005) focuses on 73 countries between 
1980 and 2002. He finds that physical capital received larger damages than human capital from natural 
disasters, especially in developed countries. Since physical capital requires long periods to recover 
establishment costs, higher disaster risk would decrease industrial agents’ incentives for investments in 
physical capital. From the above discussions, public investments decreasing disaster risk may affect 
regional investment activities and industrial locations.   
In a study focusing on the effects of public investments aiming to reduce regional disaster risk, Boustan, 
Kahn and Rhode (2012) investigate the impacts of floods and hurricanes in the United States between the 
1920s and the 1930s. They find that the areas where the New Deal’s public investments were conducted to 
reduce flood risk achieved higher population growth than the areas hit by hurricanes. From the discussion, 
we consider that economic agents consider the reduction in disaster risk when deciding their locations. 
However, they do not focus on the impacts of flood control dams on the regional industrial location and 
                                                        
19 According to Toyota’s company history, 75 years of TOYOTA. 
20 We refer to the article by Asahi Shimbun in August 2018. 
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investment activities.  
In this study, we investigate the impacts of constructing flood control dams on industrial location 
decisions in their downstream areas by using Shiga Prefecture’s municipality-level data between 1965 and 
2000. In the period, four flood control dams were constructed in Shiga Prefecture, and the industrial 
locations in their downstream areas received the effects of decreases in flood risk. 
Municipalities in Shiga Prefecture are appropriate for our empirical study for two reasons. First, since 
the prefecture is landlocked and almost all of its border is composed of mountains, municipality 
geographical characteristics have only small differences. Second, almost of the municipalities are contained 
in downstream areas of completed or suspended control flood dams. From the characteristics, we assume 
that the municipalities in Shiga Prefecture are different only in the periods of the construction of dams 
located in their upstream area. Utilizing the difference in their periods of constructions, we conduct event 
study analyses. 
   From our analyses, we find that the reduction in flood risk increased the number of manufacturing plants 
in downstream areas, and the magnitude is larger in the basic materials as well as the processing and 
assembling categories, both of which require large amounts of physical capital. For this reason, we consider 
that manufacturing plants in categories requiring larger amounts of capital tend to have higher price 
elasticity in response to disaster risk and more sensitively react to reduction in flood risk than categories 
requiring smaller amounts of capital. 
We also find that plants in the basic materials category, requiring the largest amounts of physical capital 
of the three categories focused on in the study, increased investments in tangible capital after constructing 
flood control dams. However, their number of employees was not affected by the reduction in flood risk. 
For this reason, we interpret that since human capital has higher mobility than physical capital, 
manufacturing plants tend to invest in human capital compared to physical capital even with the disaster 
risk. Therefore, constructing flood control dams would not have significant effects on the number of 
employees in the downstream areas. Our analyses suggest that economic agents decide industrial locations 
considering disaster risk, and public investments reducing disaster risk would attract industries. 
The structure of this paper is as follows. Section 2 describes the previous studies relating to our 
investigation. Section 3 explains the characteristics of Shiga Prefecture, our empirical target, and the flood 
control dams in it. Section 4 describes our estimation models and variables. Section 5 describes the results 
of the event study and interpretation. Section 6 is the conclusion. 
3.2. Previous Study 
This chapter describes previous studies relating to the impacts of disaster risk on investment activities 
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and industrial location decisions. Skidmore and Toya (2002) examine the impacts of natural disasters on 
countries’ capital, productivity and economic growth by focusing on 89 countries and find that countries 
frequently experiencing natural disasters tend to increase investments more in human capital than in 
physical capital. In terms of impacts of flood disasters, Leiter, Oberhofer and Raschky (2009) focus on the 
impacts of European flood disasters occurring between 1950 and 2007 on capital structure. They find that 
firms located in the hit areas tend to prefer intangible assets to tangible ones.  
Although many studies investigate the relationship between natural disasters and industrial investment 
activities, almost all of them focus only on the effects of happened disasters, not on the effects of 
countermeasures to natural disasters. Public investments decreasing disaster risk may affect industrial 
investment activities and locations. As a previous study focusing on the effects of public investments aiming 
at reducing regional flood risk, Boustan, Kahn and Rhode (2012) investigate the impacts of floods and 
typhoons in the United States between the 1920s and the 1930s. They find that the areas where the New 
Deal’s public investments were conducted to reduce flood risk achieved higher population growth than the 
areas hit by typhoons, and the effects are observed in long-term.  
From the discussion, economic agents would decide their locations or investment activities considering 
the regional disaster risk. However, there are no previous studies focusing on the impacts of flood control 
dams on regional industrial locations and investment activities. 
 
3.3. Shiga Prefecture and Flood Control Dams 
   To investigate the relationship between reduction in flood risk and manufacturing activities, we focus 
on the case of Shiga Prefecture and four flood control dams in it. In this chapter, we describe the 
characteristics of Shiga Prefecture relating to flood risk. 
 
3.3.1. Shiga Prefecture and Lake Biwa 
As the estimation sample, we focus on municipalities in Shiga Prefecture between 1965 and 2000. In 
this section, we describe the geographical and industrial characteristics of Shiga Prefecture. 
   Shiga Prefecture is a landlocked prefecture in the Kinki region located in central/western of Japan’s 
main island. As an important geographical characteristic, Shiga Prefecture contains Lake Biwa, the largest 
freshwater lake in Japan. One hundred nineteen rivers flow into Lake Biwa, and only one river, Yodo River, 
flows out from it. Figure 3.1 is a map of Japan showing the location of Shiga Prefecture in red and Lake 
Biwa in blue.  
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From those geographical characteristics, Shiga Prefecture has experienced many and serious flood 
disasters. Since only the Yodo River flows out from Lake Biwa, flood disasters easily occur if sediment 
accumulates along the river’s bottom. In terms of the seriousness of the flood disasters, the large-scale flood 
in 1896 overwhelmed all of the central area of Otsu City and approximately 80% of Hikone City, and the 
flood water did not recede until approximately three months later according to the report by Shiga 
Prefecture. Table 3.1 shows the human and industrial damages as well as main cities hit by each flood in 
Shiga Prefecture between 1895 and 2013. The period included 34 floods with 2,264 human casualties and 
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227,401 damaged buildings.21 Figure 3.2 shows the number of floods each municipality experienced 
between 1895 and 2013. From the map, we can observe that sites hit by floods are distributed all over Shiga 
Prefecture. The large risk of flood disasters would have prevented industries in Shiga Prefecture from 
investments in capital weak in disasters, such as physical capital. 
Shiga Prefecture is suitable for our analyses because of the uniform geographic characteristics among 
its municipalities. As discussed above, Shiga Prefecture is landlocked, and almost all of the prefectural 
border consists of mountains. These conditions mean industrial structures differ little as a result of the 
natural characteristics shared among municipalities, which enables us to clearly observe the impacts of 
constructed flood control dams on their downstream areas. 
In terms of industrial characteristics, manufacturing industries have prospered in Shiga Prefecture. In 
2015, products from manufacturing industries comprised 41.1% of GDP of Shiga Prefecture, the largest 
share in Japan’s 47 prefectures.22 Lake Biwa plays a role as a large-scale source of industrial water, and 
municipalities located in surrounding regions receive its advantages. Since manufacturing industries tend 
to require large amounts of water resources for cooling and cleaning machines, manufacturing plants are 
attracted to surrounding (or downstream) areas of Lake Biwa to receive the benefits of better access to the 
rich industrial water. 
                                                        
21 Human casualties consist of 208 deaths, 2,045 injured and 11 missing. Building damages are divided 
by 2,687 complete destructions, 15,829 partial destructions, and 116,458 inundations.   






3.3.2. The flood control dams in Shiga Prefecture 
This section describes the flood control dams in Shiga Prefecture. An important public work conducted 
in Shiga Prefecture is the Lake Biwa Comprehensive Development (LBCD) project. It is a large-scale and 
multipurpose project led by the national and Shiga Prefecture’s governments to develop surrounding 
regions of Lake Biwa between 1972 and 1997. The project contained many kinds of works, such as 
constructing dams to reduce floods damages, promoting agriculture and manufacture in surrounding regions, 
and protecting the natural environment of Lake Biwa. The total monetary costs of the project were 
approximately 1.9 trillion yen. Of that, Shiga prefectural and municipal governments bore approximately 
1.3 trillion yen, the national government bore approximately 430 billion yen, and the rest was borne by 
organizations receiving benefits from the project.  
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As the works aiming to reduce disaster damages, the LBCD project included the construction of seven 
flood control dams and 59 small barriers against landslides. In terms of flood control dams, however, only 
four of the seven dams were completed, and the rests were suspended in the 21th century. Therefore, some 
municipalities are not yet protected by flood control dams, and we can observe the impacts of the dams by 
comparing the downstream areas of the completed and the suspended dams. The small barriers against 
landslides are not the focus of this study, because we focus on the effects of reducing the risk of flood 
disasters. Table 3.2 describes the period of construction of each flood control dam and the numbers and 
names of municipalities located in the downstream areas.  
 
Figure 3.3 shows the locations of flood control dams in Shiga Prefecture and their downstream areas. 
The red areas are municipalities contained in downstream areas of flood control dams. We can observe that 
municipalities in downstream areas of completed or suspended flood control dams distribute throughout 
Shiga Prefecture. We consider that no selection occurred for the public investment’s decision in any planned 
or completed construction of flood control dams, only in regions frequently hit by flood disasters. From 
Figures 3.2 and 3.3, we can observe many municipalities have experienced many flood disasters, but these 
disasters are contained in downstream areas of suspended flood control dams. From the above discussions, 
we assume that the location of each dam and the timing of its construction or completion were not selected.  
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The flood control dams have reduced flood damages in the downstream areas. For instance, Ishidagawa 
Dam, which began operation in 1969, prevented floods in the case of the season’s 23rd typhoon in 2004 by 
controlling for inflows of water downstream. In this case, the dam controlled approximately 1,133,000 tons 
of water, and were the Ishidagawa Dam not in existence, approximately108 tons of water would have 
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overflowed into the downstream areas.23 In addition, according to Table 3.1, which describes damages 
from each flood in Shiga Prefecture, we can observe the strong decreases in human casualties and building 
damages by flood disasters after 1960s, the period when flood control dams began to be operational. In 
terms of numerical value, approximately 99.2% of human casualties and 97.9% of building damages 
concentrate in the period before 1970. From this data, we consider that the flood control dams in Shiga 
Prefecture decreased the risk of flood disasters in their downstream areas. 
We consider that manufacturing industries requiring large amounts of physical capital sensitively react 
to a change of the disaster risk. Manufacturing industries have invest heavily in physical capital with low 
mobility to develop new products and improve productivity. Therefore, manufacturing industries would be 
affected by the constructed flood control dams in Shiga Prefecture.  
Figure 3.4 shows the transition of the number of manufacturing plants across Japan, prefectures in the 
Kinki region without Shiga Prefecture, and Shiga Prefecture.24 Each value is divided by the value in 1980. 
From the figure, we can observe that although the number of manufacturing plants in Shiga Prefecture 
appears similar to Japan as whole and the other prefectures in the Kinki region before 1990, its growth rates 
become larger than the other two categories between 1990 and 2000. Therefore, we consider that the public 
investments aimed at reducing disaster risk activated manufacturing industries in Shiga Prefecture, and they 
received an advantage compared to the other regions. That result would contribute to the prosperity of 
manufacture in Shiga Prefecture, with the largest share of manufacturing products to total GDP among 
Japanese prefectures.  
                                                        
23 The reference is from the report by Shiga Prefecture in 2004.  
24 The Kinki region comprises Mie, Shiga, Osaka, Kyoto, Hyogo, Nara and Wakayama prefectures, and 




Regional governments may decide locations of manufacturing plants through establishing industrial 
parks. We check whether regional governments in Shiga Prefecture established industrial parks especially 
in downstream areas of completed flood control dams. If manufactural plants location are decided by 
prefectural government, we cannot observe clear effects of flood risk reduction on economic agents’ 
locations. Shiga Prefecture Land Development Corporation is a public agent aiming to expand public lands 
through establishing industrial parks in Shiga Prefecture. Figure 3.5 shows the locations and establishment 
periods of industrial parks in Shiga Prefecture by the corporation between 1960 and 2000. We observe that 
industrial parks were established in not-downstream areas of flood control dams and the establishment pace 
did not largely change even after completion of the dams. From the fact, we consider that Shiga Prefecture 
did not attempt to especially develop the downstream areas of flood control dams. 
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From the above discussions, the municipalities in Shiga Prefecture are desirable for our event study 
analyses from the perspectives of a uniform geography, the non-selection of location and completion timing 
of control flood dams, and the holding of prosperous manufacturing industries requiring large amounts of 
physical capital weak in disasters. In the next chapter, we describe our estimation model of the event study 
and data we use. 
3.4. Empirical Strategy and Data  
3.4.1. Empirical strategy 
   We create panel data and estimate the impacts of constructing flood control dams on industrial locations 
in downstream regions, controlling for the time invariant characteristics of municipalities. Since the timing 
of constructions differs by dam, we adopt an event study model. The estimation model is as follows: NumberPlants@l 	= 	α([ + 	β𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 × 𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕𝒊 		+ 	η( +	σ[ 	+ ε([.     (1) NumberPlants@l is a variable indicating the number of manufacturing plants in municipality i in year t. 
We define 𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 is the vector of dummy variables that become one if municipality i is contained 
in the downstream area of each flood control dam. 𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕𝒊 is the vector of year dummies which 
becomes one if the construction of each flood control dam is completed in year t. Therefore, the product of 𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊	and	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 becomes one only when the construction of the dam located upstream 
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of municipality i is completed. Since no municipalities in Shiga Prefecture are contained in multiple 
downstream areas of dams, the product is only zero or one. η( indicates the municipality fixed effects.	σ[ 




   This section describes the data used in our analysis. First, we clarify each dam’s downstream area.  
   The definition of municipality by the Japanese government is the smallest unit of administrative districts, 
and it is composed of cities, towns, villages, and specified districts. 25  Shiga Prefecture has 50 
municipalities composed of 7 cities, 42 towns and one village in 2000. In 1960, Shiga Prefecture had an 
additional three towns, but they were merged with other cities. We control for the merges by adding each 
variable of merged municipalities before the merges. 
   We define the downstream areas of flood control dams as municipalities through which the river passes 
where the flood control dams were constructed. Between 1965 and 2000, Shiga Prefecture saw the 
construction of seven flood control dams, three of which were completed in the period.  
   As NumberPlants@l, we adopt the natural logarithm of the total number of manufacturing plants, the 
natural logarithm of the number of manufacturing plants with fewer than 299 employees, and the natural 
logarithm of the number of manufacturing plants with more than 300 employees. To obtain data relating to 
the number of manufacturing plants in each municipality and year, we refer to the Census of Manufacturers 
released by the Ministry of Economy, Trade and Industry.  
Table 3.3 represents the summary statistics and describes the number of manufacturing plants divided 
by the scale of employees they hire. The sample is classified by municipalities that are downstream areas 
of the flood control dams completed between 1965 and 2000, that are not downstream areas and that were 
intended to be downstream areas but the project was suspended.26 From the table, we can observe that the 
mean and standard deviation of each variable show similar values between downstream areas of completed 
and suspended flood control dams. Therefore, we consider that flood control dams located only in upstream 
areas with evolved manufacturing industries had no tendency to be completed. 
                                                        
25 In 2012, 1,747 municipalities existed in Japan. These comprised 786 cities, 754 towns, 184 villages, 
and 23 districts in the Tokyo metropolitan area. 





   This section describes the results of our estimation by the event study. Table 3.4 shows the estimation 
results.  
In the table, columns (1) – (3) use all of the municipalities in Shiga Prefecture as the estimation sample, 
and columns (4) – (6) are the results of estimations adopting only the municipalities contained in 
downstream areas of completed flood control dams and downstream areas of suspended dams as the sample. 
If we compare the municipalities located in downstream and not downstream areas of flood control dams, 
the results may reflect heterogeneities other than the existence of the dams in their upstream areas. For 
instance, a project constructing dams could target areas of regional importance for political or economic 
reasons. To control for the heterogeneities, we conduct an event study analysis only using municipalities in 
downstream areas of completed and suspended flood control dams. As stated above, Table 3.3 shows that 
downstream areas of suspended dams have more similar values of each dependent variable than 
municipalities that are not in downstream areas of the dams.  
   First, we describe the results of columns (1) – (3) using all of the municipalities in Shiga Prefecture as 
the estimation sample. Column (1) adopts the natural logarithm of the number of manufacturing plants as 
the dependent variable, and the coefficient is positive with one percent significance. The magnitude is that 
constructing flood control dams increased the number of manufacturing plants by approximately 24.1 
percentage points in the downstream areas. Column (2) uses the natural logarithm of the number of 
manufacturing plants with fewer than 299 employees as NumberPlants@l. The coefficient is positive with 
one percent significance. The magnitude is that flood control dams increased manufacturing plants with 
fewer than 299 employees by approximately 23.8 percentage points in the downstream areas. Column (3) 
shows the result of the estimation using the logarithm of the number of manufacturing plants with more 
than 300 employees, and its coefficient is positive and insignificant. This result suggests that the 
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construction of flood control dams does not have significant effects on the number of manufacturing plants 
with more than 300 employees in the downstream area. 
   Columns (1) and (2) are consistent with our hypothesis that constructing flood control dams reduces 
the risk of flood and promotes the entry of new plants in downstream regions. On the other hand, column 
(3) does not support the hypothesis. According to the Survey of Factory Location Trends by the MEIT 
(2001), the average number of employees of newly established manufacturing plants was approximately 
52 in 2000. From the fact, we consider that the establishment of manufacturing plants with more than 300 
employees occurs rarely even in regions with small disaster risk, and they were not significantly affected 
by constructed flood control dams. 
   Furthermore, we focus on the results of columns (4) – (6). Column (4) adopts the natural logarithm of 
the number of manufacturing plants as the dependent variable, and the coefficient is positive with one 
percent significance. The magnitude is that constructing flood control dams increased the number of 
manufacturing plants by approximately 29.0 percentage points in the downstream areas. Column (5) uses 
the natural logarithm of the number of manufacturing plants with fewer than 299 employees as NumberPlants@l. The coefficient is positive with one percent significance. The magnitude is that flood 
control dams increased manufacturing plants with fewer than 299 employees by approximately 28.8 
percentage points in the downstream areas. Column (6) shows the result of the estimation using the 
logarithm of the number of manufacturing plants with more than 300 employees, and its coefficient is 
positive and insignificant. From the results, we consider that constructing flood control dams had positive 
impacts on the number of manufacturing plants in the downstream areas. 
 
   As a way of investigating the impacts of flood risk’ reduction on manufacturing industries, the amount 
of the impacts on industries may differ by their investment tendencies. To investigate the effects of 
manufacturing industries’ investment activities on industries’ reactions to the constructed flood control 
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dams, we divide manufacturing industries and compare the effects they received from reduction in flood 
risk.  
The Japanese Census of Manufactures classifies 21 types of manufacturing into three categories: the 
basic materials, the processing and assembling, and the life-related industries.27 The basic materials 
industry is composed of industries manufacturing products used by other manufacturers such as iron, coal, 
lumber and paper. The processing and assembling industry is composed of industries manufacturing 
processing products such as cars, televisions and clocks. The life-related industry is composed of industries 
related with necessities of human living such as food, clothes and furniture. The amount of capital required 
to do their production activities differs among manufacturing categories. Table 3.5 shows the number and 
share of manufacturing plants categorized by their manufacturing categories and amounts of capital in 1998 
in all of Japan.28  From the table, we can observe the tendency for the basic material category to 
consistently occupy the largest share among classes of manufacturing plants holding capital more than 
30,000,000 yen, and the share of the life-related category is the smallest among the three categories. We 
consider that manufacturing plants in categories requiring larger amounts of capital have higher price 
elasticity to disaster risk and more sensitively react to reduction in flood risk than categories requiring 
smaller amounts of capital.  
 
To investigate the difference of effects from constructing flood control dams among industrial 
                                                        
27 The Census of Manufactures by the MEIT classifies manufacturing types into three categories: basic 
materials industry (manufacture of lumber and wood products; manufacture of pulp, paper and paper 
products; manufacture of chemical and allied products; manufacture of petroleum and coal products; 
manufacture of plastic products; manufacture of rubber products; manufacture of ceramic, stone and clay 
products; manufacture of iron and steel; manufacture of non-ferrous metals and products; and 
manufacture of fabricated metal products), processing and assembling industry (manufacture of general 
purpose machinery; manufacture of electrical machinery; manufacture of transportation equipment; and 
manufacture of high precision machinery), and life-related industry (manufacture of food; manufacture of 
beverages, tobacco and feed; manufacture of textile mill products; manufacture of furniture; printing; 
manufacture of leather tanning and leather products; and miscellaneous manufacture). 
28 We refer to the Census of Manufactures (1999) by the MEIT to obtain the data. 
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categories, we conduct an event study using an estimation model as follows: NumberPlants@l = 	α([ + β𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 × 	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕																																																																														 +	γ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 	×	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 	×	Basic														 +	θ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 	×	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 	×	Processing				 +	φ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 	×	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 	×	LifeRelated + η@ +	σ[ 	+ ε([.       (2) NumberPlants@l is a variable indicating the number of manufacturing plants in industry category j, in 
municipality i, in year t. Basic is a dummy variable that becomes one if industry j is a basic materials 
industry. Processing is a dummy variable that is one when industry j is a processing and assembling 
industry. LifeRelated is a dummy variable that becomes one if industry j is a life-related industry. We 
omit miscellaneous manufacturing industries from the life-related category and regard it as the baseline of 
our results, and we represent the impacts of constructing flood control dams on miscellaneous 




   Table 3.7 describes the results of the estimation analyzing the difference in the impacts of constructing 
flood control dams on the number of downstream areas’ manufacturing plants among manufacturing 
categories. As the dependent variables, columns (1) – (2) adopt the natural logarithm of the number of 
manufacturing plants, columns (3) – (4) use the natural logarithm of the number of manufacturing plants 
with fewer than 299 employees, and columns (5) – (6) use the logarithm of the number of manufacturing 
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plants with more than 300 employees. Columns (1), (3) and (5) show the results of estimations that do not 
control for the heterogeneities coming from manufacturing types, and columns (2), (4) and (6) control for 
the heterogeneities by using cross-terms.29 
   The coefficient of column (1) is negative and insignificant. The result suggests that constructing flood 
control dams does not affect the number of manufacturing plants. In column (2), the coefficient of the cross-
term is negative with five percent significance, that of the cross-term using the basic materials category 
dummy is positive with one percent significance, that of the coefficient of the cross-term using the 
processing and assembling category dummy is positive with 10% significance, and that of the cross-term 
using the life-related category dummy is positive and insignificant. The results suggest that the number of 
manufacturing plants in the basic materials and in the processing and assembling categories increased after 
completion of the dams, but those in the life-related category did not see any effects from dam completion. 
The magnitude is that the construction of flood control dams increased the number of manufacturing plants 
in the basic materials category by approximately 26 percentage points in downstream areas. In the 
processing and assembling category, reduction in the risk from flood increased the number of plants by 
approximately 48.5 percentage points. In addition, the number of plants in miscellaneous manufacturing 
industries decreased by approximately 30.0 percentage points after constructing flood control dams in 
downstream areas. 
   Columns (3) and (4) show basically the same results as columns (1) and (2). In column (3), the 
coefficient of column (3) is negative and insignificant. The coefficients of column (4) show that the 
coefficient of the cross-term is negative with five percent significance, that of the basic materials category 
dummy is positive and one percent significant, and that of the cross-term using Processing is positive 
with 10% significance. The coefficient of the cross-term with the life-related category dummy is positive 
and insignificant. In basic materials manufacturing, the magnitude suggests that flood control dams 
increased the number of manufacturing plants with fewer than 299 employees by approximately 26.0 
percentage points in downstream areas. On the other hand, the number of plants with fewer than 299 
employees in the processing and assembling category increased by approximately 51.6 percentage points 
after the completion of flood control dams. The number of plants in miscellaneous manufacturing industries 
with fewer than 299 employees decreased by approximately 31.2 percentage points after constructing flood 
control dams in downstream areas. 
   The coefficient of column (5) is positive and insignificant. The result suggests that constructing flood 
                                                        
29 In columns (1), (3) and (5), manufacturing category dummy variables, Basic, Processing, LifeRelated become zero in estimation model (3). 
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control dams does not affect the number of manufacturing plants with more than 300 employees. The result 
suggests that constructing flood control dams tends to increase the number of large-scale manufacturing 
plants. In column (6), the coefficient of the cross-term containing Basic is positive and insignificant, and 
that of the cross-term with the processing and assembling category dummy is positive with 10% 
significance. In addition, the coefficient of the cross-term with LifeRelated is negative and insignificant. 
The results suggest that the construction of flood control dams increased the number of manufacturing plants 
with more than 300 employees in the processing and assembling category. In the basic material and life-
related categories, the number of manufacturing plants with more than 300 employees was not affected by 
the flood control dams. The magnitude is that flood control dams increased the number of manufacturing 
plants with more than 300 employees of processing and assembling category by approximately 2.72 
percentage point in downstream areas. 
 
   The results in Table 3.7 consistently suggest that the flood control dams had positive effects on the 
number of plants in the processing and assembling category in downstream regions, and it did not affect 
the number of plants in the life-related category. We consider that the different reaction to the reduction in 
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flood risk comes from the heterogeneity of their capital holdings. From Table 3.5 we can observe that the 
tendency of a life-related category’s share of plants to have a large amount of capital is smaller than it is 
for the other manufacturing categories. Only in the class of plants with capital less than 30,000,000 yen is 
the share of the life-related category higher than the others. From the data, we consider that life-related 
manufacturing plants tend to demand smaller amounts of capital than plants in the other manufacturing 
categories and have lower price elasticity for flood risk than the other types. 
   In Table 3.7, the total number of plants and the number of plants with fewer than 299 employees receive 
significantly positive effects from constructing flood control dams, but the number of plants with more than 
300 employees in the basic material category was not affected. In terms of these plant types, we consider 
that since basic material manufacturers tend to require large amount of capital, they sensitively react to the 
reduction in flood risk. Our interpretation is consistent with Table 3.5, suggesting the tendency that basic 
material manufacturers hold larger amounts of capital than plants in the other categories. 
On the other hand, regarding plants with more than 300 employees, each municipality has only 
approximately 0.15 plants with more than 300 employees in the basic material category on average, and 
the point is noticeably small compared to the other categories according to Table 3.6. From this fact, we 
consider that basic material manufacturing plants do not require as many employees, and the number of 
large-scale plants in the category did not increase even after the reduction in flood risk. 
We consider that flood control dams can also affect industrial location which are not downstream areas. 
Increases in manufacturing plants in downstream areas of flood control dams might be resulted from 
decreases in ones in not downstream areas. Figure 3.5 shows the transition of the number of manufacturing 
plants in a whole of Japan, downstream areas of flood control dams in Shiga Prefecture, and not downstream 
areas of flood control dams in Shiga Prefecture. We observe that the number of plants increased after 
beginning of the LBCD project in downstream areas of the flood control dams. On the other hand, the 
number of manufacturing plants in not downstream areas of the flood control dams did not increase after 
1975. In addition, the level suggests similar level to one of as whole of Japan even after the flood control 
dams were completed. From the data, we consider that the increases of manufacturing plants in downstream 
areas of flood control dams were not resulted from decreases in one in surrounding areas. 
 51 
 
   A question remains whether the amount of investments by manufacturing plants increased after 
constructing flood control dams in the downstream areas. To investigate the point, we conduct an event 
study focusing on the impacts of constructing flood control dams on the amount of investment. The 
estimation model is as follows: Capital@l = 	α([ + β𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊	 × 	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕																																																													 
+	γ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 	×	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 	×	Basic												 
+	θ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 	×	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 	×	Processing	 
		+	φ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 	×	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 	×	LifeRelated 	+ η@ +	σ[ 	+ ε([.     (3) Capital@l contains two types of capital: physical and human. As the indicator of physical investment, we 
use the natural logarithm of the amount of average investment by plants. To measure the amount of human 
capital held by plants, we adopt the natural logarithm of the number of employees, and the natural logarithm 
of the amount of income per employees. By the constraint of data, the indicator of physical capital is limited 
to manufacturing plants with more than 20 employees, and the measures of human capital archive only 
manufacturing plants with more than four employees. We obtain data from the Census of Manufactures 
from 1965 to 2000. 
Table 3.8 describes the estimation results. Column (1) uses the natural logarithm of the amount of 
average investment as the dependent variable. In column (1), the coefficient of the cross-term between 𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊	and	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 is negative and insignificant. The coefficient of the cross-term containing 
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the basic materials category dummy is positive with five percent significance. The magnitude is that the 
amount of average investment by plant in the basic materials category increased by 69.4 percentage points. 
The coefficients of the cross-terms using the processing and assembling category as well as the life-related 
category dummies are positive and insignificant. The results suggest that constructing the flood control 
dams did not affect the amount of investment by plants in the processing and assembling as well as the life-
related categories. 
From the results, we can observe that constructing flood control dams increased physical investments 
only for plants in the basic material category. The result is consistent with our above discussions, suggesting 
that flood control dams have larger impacts on basic material manufacture, which require large amounts of 
capital to produce. We consider that since plants in the processing and assembling as well as the life-related 
categories sufficiently held physical capital even before completed the flood control dams, they did not 
receive significant effects from the reduction in flood risk 
   Column (2) adopts the natural logarithm of the number of employees in plants with more than four 
employees as the explained variable. The coefficient of the cross-term between the downstream area 
dummy and the after dams’ completion dummy is positive and insignificant. The result suggests that the 
number of employees in miscellaneous manufacture was not affected by the flood control dams. The 
coefficient of the cross-term containing the basic materials category dummy is negative and insignificance, 
and that of the cross-term using the processing and assembling category dummy is positive and insignificant. 
The result suggests that constructing flood control dams did not have any impacts on the number of 
employees in the basic materials or the processing and assembling categories. The coefficient of the cross-
term containing the life-related category is negative with 10% significance. The magnitude suggests that 
employees in life-related manufacture decreased by 22.6 percentage points after the completion of flood 
control dams. 
   The results show that constructing flood control dams does not have positive and significant effects on 
the number of manufacturing employees. For this reason, we consider that since human capital has larger 
mobility than physical capital, manufacturing plants tend to invest in human capital compared to physical 
capital even with the risk of disaster, and the number was not affected by flood control dams. A confusing 
point remains that the number of employees in the life-related category significantly decreased after constructing 
the flood control dams. Since the amount of investments by plants in the life-related category received positive 
but insignificant effects, we interpret that some plants in the life-related category decreased their employees and 
shifted to be capital-intensive after the reduction in flood risk. 
   Column (3) uses the natural logarithm of the amount of wage per employee as Investment@l. The 
coefficients of the four cross-terms are positive and insignificant. The result suggests that the flood control dams 
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did not affect the amount of wage per employee of manufacturing plants. 
   From the discussions, we conclude that reduction in disaster risk increases the amount of investment in 
plants requiring large amounts of physical capital to produce. The result is consistent with our above results 
suggesting that plants in the basic materials as well as the processing and assembling categories increased 
their number of plants after the construction of flood control dams. 
 
   In addition, the increases in manufacturing plants and investment may have impacts on non-
manufacturing industries in surrounding areas, because other industries could receive positive effects 
through increases in manufacturing industries’ demand for materials or tools to do their production activities. 
To investigate the point, we focus on commerce industry located in the downstream areas. 
   We investigate the impacts of constructing flood control dams on commerce industries in downstream 
areas. The effects would require a time lag to appear. For this reason, we consider that the reduction in flood 
risk indirectly affects commerce industry, and the effects would occur only after increases in manufacturing 
plants or investment in downstream areas. To examine the time lag, we conduct an estimation using cross-
terms between each year dummy and each downstream area dummy. The estimation model is as follows: 
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Store@l = 	α([ + β𝐘𝐞𝐚𝐫𝐭 + γ𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊	 × 	𝐘𝐞𝐚𝐫𝒕 	+ η@ +	σ[ 	+ ε([.           (4) 
As the dependent variable, we use the natural logarithm of the number of stores in municipality i in year t. 
We obtain data for the number of stores in each municipality by referring to the Statistical Handbook of 
Shiga Prefecture between 1960 and 2000. Table 3.9 shows the summary statistics of commerce industries 
in Shiga Prefecture, and they are classified into each downstream area of flood control dams. 	𝐘𝐞𝐚𝐫𝒕 is the vector of year dummy variables every five years between 1965 and 2000, and the value in 
1960 is omitted and regarded as the baseline. As the sample, we adopt municipalities that are downstream 
areas of the flood control dams completed or suspended after 1965. 
 
   Table 3.10 describes the results of analyses using estimation model s (4) and (5). Columns classified in 
(1) show the result of estimation model (5). The left area of column (1) describes the coefficients of cross-
terms between year dummy variables and Ishidagawa Dam’s downstream area dummy. The coefficients are 
consistently positive and become significant after 1975 without 1985 and 1995. The magnitudes show that 
the number of stores in Ishidagawa Dam’s downstream area increases by between 15.9-39.1 percentage 
points compared to the other areas. The central area of column (1) shows the coefficients of cross-terms 
between year dummies and the downstream area dummy of Odsuchi Dam. The coefficients are positive, 
and become five percent significant after 1985. The magnitudes are that the number of commerce plants 
increases by between 60.3-64.2 percentage points in downstream area of Odsuchi Dam compared to the 
other areas. The right area of column (1) represents the coefficients of cross-terms between 	𝐘𝐞𝐚𝐫𝒕 and 
Usogawa Dam’s downstream area dummy. The coefficients are consistently positive but not significant. 
The result suggests that the number of stores in the downstream area of Usogawa Dam were not affected 
significantly by constructing flood control dams. 
   Regarding the results of column (1), we consider the relationship between the coefficients and the 
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periods of flood control dam construction. As described in Table 3.2, Ishidagawa Dam was constructed 
between 1963 and 1969, Odsuchi Dam was constructed between 1966 and 1987, and Usogawa Dam was 
constructed between 1971 and 1979. We compare the periods to the results of column (1) in Table 3.10 and 
find that the impacts of constructing flood control dams on the number of stores in downstream areas 
becomes statistical significance approximately five years after the completion of the dam (in the case of 
Ishidagawa Dam), or later in the construction phase (in the case of Odsuchi Dam). The case of Ishidagawa 
Dam is consistent with our hypothesis that the impacts of flood risk’ reduction on commerce industries in 
downstream areas requires a time lag to appear because the effects occur only after increases in manufacturing 
plants or investment in surrounding areas. However, the positive impacts of constructing Odsuchi Dam on 
the number of stores in downstream area appeared in 1985, before the completion of the dam. For this 
reason, we consider that since the dam’s construction took a long time, 21 years between 1966 and 1987, 
people in the downstream area would expect the decreases in flood risk, and the effects appeared even 
before the completion. 
On the other hand, the right area of column (1) consistently shows positive and insignificant effects of 
flood control dams on downstream regions. For this reason, we interpret that the downstream area of 
Usogawa Dam contains Hikone City, the core city of East Shiga Prefecture, and many commerce stores 
were present even before the construction of Usogawa Dam. From Table 3.9, we can observe the tendency 
that the average number of stores of Usogawa Dam’s downstream area is larger than the other areas, but 
the value did not change greatly between 1960 and 2000. From this fact, we consider that the commerce 
industry of Usogawa Dam’s downstream area was developed even before the construction of Usogawa 
Dam, and additional demand resulted from increases in manufacturing plants or investments.  
In addition, to check our hypothesis that the impacts of the reduction in flood risk on commerce 
industries in downstream areas appear after the increases of manufacturing plants in downstream areas, we 
conduct estimation model (5) using the natural logarithm of the number of manufacturing plants as the 
dependent variable. We can observe the number of plants in each municipality between 1965 and 2000, and 
we regard the 1965 values as our results’ baseline. Since Ishidagawa Dam was completed in 1969, we 
cannot observe the changes in the number of manufacturing plants in the downstream area between before 
and after the completion. Therefore, we conduct the estimation using only the downstream areas of Odsuchi 
and Usogawa Dams as 𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊	. 
Column (2) in Table 3.10 shows the estimation results. The left area of the column describes the 
coefficients of cross-terms between year dummy variables and Odsuchi Dam’s downstream area dummy. 
The coefficients are consistently positive with one percent significance. The magnitudes show that the 
number of manufacturing plants in Odsuchi Dam’s downstream area increases by between 37.6-88.7 
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percentage points compared to the other areas, and the magnitude becomes larger over time. The right 
column shows the coefficients of cross-terms between the year dummy variable and the downstream area 
dummy of Usogawa Dam. The coefficients are positive, and become 10% significant after 1990. The 
magnitudes are that the number of manufacturing plants increases by between 37.7-42.5 percentage points 
in the downstream area of Odsuchi Dam. 
From the results in the central area of column (1) and the left area of column (2), we can observe that 
the increases in the stores in Odsuchi Dam’s downstream area occurred after the appearance of the impacts 
of the construction of Odsuchi Dam on downstream areas’ manufacturing plants. This result is consistent 
with our hypothesis that the reduction in flood risk affects commerce industries in downstream areas after the 
appearance of the impacts of the flood risk’ reduction on the manufacturing industry. Regarding Usogawa Dam, 
from the right area of column (2), although the coefficients become significant after 1990, the magnitude becomes 
large in 1975 compared to 1970, and the statistical significance is approximately 12%. We consider that the 
manufacturing industry in Usogawa Dam’s downstream area expected a forthcoming reduction in flood risk 
between the periods of Usogawa Dam’s construction, leading to a tendency to increase their plants or investment, 
but the amount was not sufficiently large to be statistically significant. From the right area of column (1), we can 
observe that the coefficients become large after 1985, from approximately 0.085 in 1980 to 0.244 in 1985. We 
interpret the change of coefficient in the commerce industry as the result of spillover effects from the 
manufacturing industry: the spillover effects required approximately 10 years to be observed, but the magnitude 
was not sufficiently large to be significant. 
From the above discussions, we conclude that the reduction in flood risk activates non-manufacturing 
industries in downstream areas through increases in manufacturing plants and investment. Public 
investments reducing regional disaster risk could improve the regions’ economic activities of many kinds 






   We empirically investigate the relationship between constructing flood control dams and manufacturing 
agglomeration in downstream areas by focusing on the case of Shiga Prefecture between 1965 and 2000 
using municipality-level data. From the results of our event study, we find that the reduction in flood risk 
increased the number of manufacturing plants in downstream areas, but the impact is limited to 
manufacturing types requiring large amounts of physical capital to do their production activities: the basic 
materials as well as the processing and assembling categories.  
   We also find that plants in the basic materials category, requiring the largest amount of capital among 
the three categories focused on in the study, increased their investments in physical capital after constructing 
flood control dams, but the number of their employees did not increase. From the result, we conclude that 
manufacturing plants exposed to flood risk tend not to invest in physical capital with lower mobilities than 
human resources. 
   In addition, reduction in flood risk affected not only the manufacturing industry but also the commerce 
industry in downstream areas, and the effects required 10 years or more to be observed. For this reason, we 
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consider that the commerce industry could receive positive effects through increases in manufacturing 
industries’ demand for materials or tools to do their production activities, but that becomes clear only after 
manufacturing plants or investments increase.  
Our estimation results show that constructing flood control dams promotes manufacturing 
agglomeration in downstream areas, and the magnitude becomes large in industries needing larger physical 
capital. Developments of flood control dams could stimulate downstream areas’ economic activities, in 
spite of governments not anticipating the effects. In the long term, large-scale public investments aiming to 
reduce regional disaster risk could improve the regions’ economic activities.  
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Chapter 4 
Impacts of large-scale developments of water 
resources on industry of downstream regions in 
the case of the LBCD project in Japan 
 
4.1. Introduction 
Constructing dams is known to have large impacts on the surrounding natural environment. Goldsmith 
and Hildyard (1984) focus on 20 cases of dam construction and note that constructing dams has caused 
damages to forests and ecosystem as well as soil erosion in the constructed areas. The problems they note 
are side-effects of constructing dams. They also suggest that many side-effects of constructing dams have 
not yet been discovered. We should find, and examine, the side-effects of constructing dams on surrounding 
regions to achieve the optimal amount of water resource development. 
As one of the impacts of constructing dams on the natural environment, dams decrease the amount of 
nutrients flowing in the rivers where the dams are located through nutrients’ accumulation along the bottom 
of dam lakes. Powers et. al. (2016) focus on the three large-scale dam constructions in the United Kingdom, 
China, and the United States. They find that the dams caused accumulation of phosphorus in their lakes, 
and the amount of phosphorus outflowing to their downstream areas decreased. Kunz et. al. (2011) suggest 
that nitrogen, phosphorus and organic carbon accumulate along the bottom of large dammed lakes. We 
consider that the decreases in nutrients flowing in the rivers could have impacts on downstream areas’ 
industries depending on the nutrients. 
Primary industries use large amount of nutrients for their production activities. Agriculture requires 
large amounts of nitrogen and phosphorus to fertilize their products and increase the amount of harvest. In 
terms of fisheries, since many water creatures depend on nutrients in the water as their food source, the 
amount of nutrients in the water is important for fisheries’ production activities. We consider that the 
nutrients flowing in rivers contribute to primary industries as a source of manures. 
From the above discussions, our hypothesis is that constructing dams has impacts on primary industries 
in the downstream areas through decreases in the amount of nutrients flowing in the rivers. The impacts are 
the side-effects that were not anticipated by governments conducting the developments. In the study, we 
conduct municipality-level panel analyses using the difference-in-difference method and examine the 
impact of constructing dams on agriculture and fisheries in the downstream areas.  
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To investigate the issues, we focus on the case of the Lake Biwa Comprehensive Development (LBCD) 
project between 1972 and 1997. The LBCD project was conducted in Shiga Prefecture located in the Kinki 
region, in central/western Japan’s main island, and it comprised the construction of multiple control flood 
dams in the rivers flowing into Lake Biwa. We consider whether the LBCD project had impacts on 
downstream regions’ agricultural and fishing productivity. As an important point, constructing the dams 
did not aim to affect primary industries in their downstream areas. If the dams had negative impacts on the 
downstream areas’ farmers or fisheries, we could regard it as an external diseconomy of constructing dams.  
To understand the impacts of the LBCD project on primary industries in downstream areas, we conduct 
panel analyses by using municipality-level data of the Kinki region between 1960 and 2000. The 
municipalities are extracted by the propensity score matching method to control for industrial 
heterogeneities between downstream areas of Lake Biwa and other areas in the Kinki region. 
Our results suggest that agricultural productivity significantly decreased in the downstream areas after 
beginning the LBCD project. However, the number of farms in the downstream regions was not affected 
by the LBCD project. We interpret that agricultural agents owning agricultural lands have low mobility and 
could not easily quit agriculture in spite of decreases in their productivity. On the other hand, the number 
of inland fisheries in the downstream areas also decreased after the start of the LBCD project. The results 
are consistent with our hypothesis that constructing dams has negative impacts on primary industries 
located in the downstream areas. 
Our analyses suggest that constructing dams decreases agricultural productivity in downstream areas 
through decreases in the amount of nutrients flowing in the rivers where dams are located. The impacts are 
the side-effects of constructing dams and regard the case of external diseconomy. Few studies have focused 
on the negative impacts of constructing dams. Therefore, the monetary losses in the downstream areas’ 
agriculture have not been compensated. National or regional governments might have to consider the 
necessity of compensation for the losses.  
In a related study, Duflo and Pande (2007) focus on the case of India and the construction of agricultural 
dams between 1971 and 1999. They find that the dams increased agricultural productivity in the 
downstream areas through decreases in the risk of water shortage by droughts. Their results are the converse 
of hypothesis that constructing dams has negative impacts on primary industries in the downstream areas. 
We consider that the positive effects of dams observed by Duflo and Pande are distinctive in regions 
suffering from water shortage. Since we focus on the impacts of constructing dams not aiming to supply a 
sufficient amount of agricultural water to the downstream areas, their impacts on primary industries may 
be different from the agricultural dams’ effects found by Duflo and Pande. 
In terms of the impacts of flood control dams, Adams (1985) focuses on the impacts of constructing 
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flood control dams on downstream areas of agriculture and fisheries in Nigeria. He finds that the decreases 
in floods reduced the amount of accidental water supply to surrounding areas. Therefore, the amount of rice 
production, requiring large amount of water, and the number of fisheries decreased in the downstream areas. 
We also focus on the impacts of constructing dams containing flood control dams, so the discussions by 
Adams could relate to our analyses. However, we consider that the downstream areas of Lake Biwa were 
not affected by the reduction in accidental water supply by floods. This result is Japan belongs to the 
temperate zone, and a significantly larger amount of rain falls there than in Nigeria. In addition, since 
irrigation works were conducted in Japan in our focal periods, the decreases in accidental water supply 
would not play an important role in primary industries in the Kinki region. Although many studies have 
focused on the impacts of constructing dams in downstream regions, few studies have focused on the effects 
of decreases in nutrients contained in the rivers on primary industries in the downstream areas. 
   The structure of this paper is as follows. The next section explains characteristics of the Kinki region 
and the LBCD project. Section 3 describes our estimation models and variables. Section 4 describes the 
results of our panel analysis. Section 5 is the conclusion. 
    
4.2. The Lake Biwa Comprehensive Development Project 
This section describes the details of the Kinki region’s characteristics and the Lake Biwa 
Comprehensive Development (LBCD) project consisting of dam construction in Shiga Prefecture. The 
Kinki region comprises seven prefectures.30 An important geographical characteristic of the Kinki region 
is Lake Biwa in Shiga Prefecture, the largest freshwater lake in Japan. Flowing into Lake Biwa are 121 
rivers, and only one river, Yodo River, flows out from it. Yodo River passes through Shiga, Kyoto, and 
Osaka prefectures and flows into Osaka Bay. Lake Biwa supplies a large amount of water for agriculture, 
manufacture, and waterworks to the downstream areas. The downstream areas strongly depend on water 
from Lake Biwa. Figure 4.1 shows the locations of seven prefectures in the Kinki region, Lake Biwa, and 
Yodo River. 
 
                                                        
30 The Kinki region comprises Mie, Shiga, Kyoto, Osaka, Hyogo, Nara and Wakayama prefectures.  
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An important public work conducted in the Kinki region is the Lake Biwa Comprehensive Development 
(LBCD) project. It is a large-scale and multipurpose project conducted by the national and Shiga 
Prefecture’s governments between 1972 and 1997. The project was composed mainly of three kinds of 
works. The first is the countermeasures to flood and landslide disasters, for instance constructing flood 
control dams. The second is promoting agricultural and manufacturing industries located in surrounding 
regions, especially in Shiga Prefecture. The work was conducted mainly by Shiga’s prefectural government. 
Last is protecting the natural environment of Lake Biwa. The total cost of the project was approximately 
1.9 trillion yen, of which Shiga prefectural and municipal governments bore approximately 1.3 trillion yen, 
the national government bore approximately 430 billion yen, and the rest was borne by organizations 
receiving benefits from the project. 
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As the works relating to our analyses, the LBCD project included the construction of seven flood control 
dams. As discussed in chapter 2, the flood control dams have succeeded in reducing the flood risk and 
activating industrial activities in their downstream areas. However, the dams may have negative impacts 
on the downstream areas’ primary sector as side-effects. 
 
4.3. Estimation Models and Data 
4.3.1. Estimation models 
In this section, we describe the estimation model and the data we use. First, we discuss our estimation 
model investigating the impacts of the LBCD project on downstream areas’ primary sector. To compare the 
impacts of the project on the downstream areas with other areas in the Kinki region, we adopt the difference-
in-difference (DID) approach in the following model: Primary([ 	= 𝛼 + 	βConductingLBCD[ × YodoSupply( + γConductingLBCD[ + η( + 𝛿[ + ε([,  (1) 
where Primary([ is a variable that identifies the performance or scale of primary industries in municipality 
i in year t. ConductingLBCD[  is year dummy that becomes one if the LBCD project was already 
constructed in year t, after 1975. 	YodoSupply( is a municipality dummy variable which becomes one if 
municipality i is contained in the downstream areas of Lake Biwa. We observe the impacts of the LBCD 
project on the downstream areas’ primary industries by β. η( indicates river fixed effects, and 𝛿[ is year 
fixed dummy variables. ε([ is the error term, which is derived from the time invariant characteristics of 
river i.  
 
4.3.2. Data 
   This section describes the data we use. First, we define the downstream areas of Lake Biwa as 
municipalities contained in the Yodo River water supply area. The Yodo River water supply area is 
composed of municipalities that are supplied water from Yodo River for agriculture, industry or waterworks. 
Municipalities not contained in the Yodo River water supply area are also contained in other water supply 
areas. Figure 4.2 shows the Kinki region and the Yodo River water supply area, and the Yodo River water 
supply area is red. As discussed above, Yodo River is the only river outflowing from Lake Biwa, and our 
hypothesis is that municipalities contained in the area would be affected by changes in water quality from 
the LBCD project. 
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   As the status of agriculture in municipality i, Primary([ contains the natural logarithm of the amount 
of production value per farmer, the natural logarithm of the number of farms, the natural logarithm of the 
amount of agricultural production value, and the natural logarithm of the amount of income. We use them 
to investigate whether the LBCD project decreased the agricultural productivity and agglomeration of 
nutrients in the downstream areas. As the measure of fishing industry’s activity, we adopt the natural 
logarithm of the number of inland fisheries in municipality i.  
   We use municipality level Statistics of Agricultural Income Produced to observe each municipality’s 
agricultural production value, the number of farms, and the amount of income of farmers reported to the 
Ministry of Agriculture, Forestry and Fisheries (MAFF). Although we can obtain the data for agricultural 
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production value and the number of farms every five year between 1960 and 2000, we obtain the data of 
annual income of farmers every five years only between 1970 and 2000. In terms of fishing industries, we 
refer to the Fisheries Census by MAFF to obtain the number of inland fisheries in each municipality. We 
can obtain the data of the number of fisheries every five year only between 1965 and 1985. Between 1960 
and 2000, the number of municipalities changed by municipal mergers. To control for the mergers, we 
add each variable of merged municipalities before the mergers. 
Municipalities in the Kinki region have large industrial heterogeneities. For instance, the downstream 
area of Lake Biwa contains all municipalities of Osaka Prefecture and the center of Kansai metropolitan 
area, which is the second largest Japanese economic area. Since manufacturing industries are strongly 
concentrated in Osaka Prefecture, especially along coastal areas, we may not be able to observe clear effects 
of the LBCD project on the downstream area by comparing them to other areas in the Kinki region. To 
solve the problem, we apply the propensity score (PS) matching method to our sample, and extract 
municipalities in the downstream area of Lake Biwa and the other areas in the Kinki region with similar 
characteristics. 
 
4.3.3. Propensity score matching method 
   In this section, we discuss the propensity score matching method and the extracted sample. 
A propensity score is defined as the probability that each agent would be contained in the treatment group. 
In the study, the propensity score is interpreted as the probability that each municipality is located in the 
downstream area of Lake Biwa. We apply the propensity score matching method to municipalities in the 
Kinki region using variables representing the economic performance of each municipality and extract 
municipalities with similar economic characteristics to municipalities in the downstream area of Lake Biwa.  
   To match the control group with the treatment group, we use initial variables relating to municipalities’ 
economic activity. The variables are municipal population, the number of manufacturing plants, the amount 
of manufacturing production per labor, the number of farms, and the amount of agricultural production per 
farmer.31 We calculate each municipality’s propensity score and extract the corresponding municipality 
with the closest score to each municipality in treatment group. By the matching method, we extract 100 
municipalities from 396 municipalities. In the extracted sample, 50 are from the treatment group, and the 
others are from control groups. Table 4.1 displays the summary statistics.  
Table 4.1 is the summary statistics of the matched and unmatched samples. We can observe that the 
difference of initial variables between the treatment and control groups decreases in the matched variable.  
                                                        
31 We refer to the Census of Manufacturers released by the Ministry of Economy, Trade and Industry. 
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4.4. The Results 
In this section, we discuss the impacts of LBCD projects on the agricultural and fishing industry of 
downstream areas. Table 4.2 shows the results using the estimation model (1). Column (1) is the analysis 
using the natural logarithm of the amount of production value per farmer as dependent variable. The 
coefficient of the cross-term between the year dummy representing after the beginning of the LBCD project 
and the downstream area of Lake Biwa dummy is negative with 10% significance. The result shows that 
agricultural productivity of the downstream areas using the water of Lake Biwa decreased by approximately 
12.5 percentage points compared to other areas of the Kinki region after beginning the LBCD project. The 
result is consistent with our hypothesis that large-scale water resource development, containing 
construction of dams, has negative impacts on agriculture depending the water resource. 
   The result is different from Duflo and Pande (2007), suggesting large-scale dams in India increase 
agricultural productivity in their downstream areas. For positive effects of dams on downstream agriculture, 
they focus on constructing agricultural dams aiming at a stable supply of agricultural water to downstream 
areas. Although agricultural dams would have positive effects on downstream areas suffering from drought 
risk or chronic water shortages, the LBCD project aimed at flood control, generation of electricity, or the 
supply of industrial water to the downstream regions, and no positive effects occur on downstream 
agriculture, as suggested by Duflo and Pande.  
However, the reduction in agricultural productivity may not be the result of decreases in the amount of 
agricultural production value. For instance, if the number of farms increased in the downstream areas, the 
agricultural productivity could decrease even if the amount of agricultural production value does not change. 
To check the point, we analyze the impacts of the LBCD project on the number of farms and the amount of 
agricultural production value in the downstream area, and the results are described in columns (2) and (3). 
Column (2) shows the estimation using the natural logarithm of the number of farms as the dependent 
variable. The coefficient of the cross-term is negative and insignificant. The result suggests that the LBCD 
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project did not affect the number of farms in downstream areas. Column (3) is the analysis using the natural 
logarithm of the amount of agricultural production value as the explained variable. The cross-term’s 
coefficient is negative with five percent significance. As the magnitude, the LBCD project decreased the 
amount of agricultural production value in the downstream areas by approximately 15.8 percentage points. 
From these results, we consider that the decreases in agricultural productivity suggested by column (1) are 
caused not by the increases in the number of farms, but by the reduction in the amount of agricultural 
production value in the downstream area of Lake Biwa.  
   Then, we consider the effects of the decreases in agricultural productivity on farmers’ incomes in the 
downstream area of Lake Biwa. Column (4) is the result of the estimation adopting the natural logarithm 
of the amount of income in agricultural sector. The coefficient of the cross-term is negative with one percent 
significance. As the magnitude, the LBCD project decreased the amount of income of agriculture by 
approximately 13.3 percentage points compared to the other areas in the Kinki region. 
   Column (5) is the result of the analysis using the natural logarithm of the number of fisheries as the 
dependent variable. The coefficient of the cross-term is negative with 10% significance. The result suggests 
that the LBCD project decreased the number of fisheries by approximately 18.8 percentage points in the 
downstream areas of Lake Biwa. 
 From the results of column (2) and (5), we can observe the difference between agriculture and fisheries 
in the points that although the number of fisheries decreased after beginning of the water resource 
developments, the number of farms did not receive significant effects in the downstream areas of Lake 
Biwa. For this reason, we consider that fishing industries would more strongly than agriculture depend on 
water resources and the nutrients in it. Water creatures caught by fisheries survive by preying on water 
creatures located in lower areas of the food chain, and phytoplankton, creatures at the bottom of the aquatic 
food chain, mainly eat nitrogen and phosphorus in water. We consider that the reduction in nitrogen and 
phosphorus in water by the LBCD project caused growth inhibition of phytoplankton and higher rank water 
creatures and accelerated fisheries’ leaving through decreases in their fish catches. 
From the estimations, we observe that the LBCD project decreased the amount of agricultural 
production value and productivity, and shrank the agglomeration of inland fishing industries in the 
downstream areas of Lake Biwa. We conclude that large-scale water resource developments would have 
negative effects on primary industries depending on the water resources through decreases in the amount 
of nutrients in the water.  
 68 
 
In addition, we check whether the disadvantage in primary industries in the downstream areas of Lake 
Biwa is caused by the LBCD project. To investigate the point, we conduct the placebo test. The estimation 
model is as follows: Primary([ 	= 𝛼 + 	βPlacebo[ × YodoSupply( + γPlacebo[ + η( + 𝛿[ + ε([.          (2) 
In the placebo test, we use only the sample before 1970. Placebo[ is a year dummy variable that becomes 
one if year t is 1970. Our hypothesis is that the cross-term between Placebo[ and 	YodoSupply( is not 
significant, because the LBCD project did not start in 1970. As Primary([, we adopt the natural logarithm 
of the amount of production value per farmer, the natural logarithm of the number of farms, and the natural 
logarithm of the amount of agricultural production value. Because of the limitations of our data, we cannot 
use the amount of agricultural income or the number of fisheries. 
Table 4.3 shows the results of the placebo tests. Column (1) uses the natural logarithm of the amount 
of production value per farmer as dependent variable. The coefficient is negative and insignificant. The 
result suggests that the downstream areas of Lake Biwa did not have a disadvantage in agricultural 
productivity compared to the other areas in the Kinki region. The result is consistent with our hypothesis 
that agriculture did not differ between the downstream areas of Lake Biwa and the other regions before the 
start of the LBCD project. 
Column (2) is the analysis adopting the natural logarithm of the number of farms as the dependent 
variable. The coefficient is positive and insignificant. The result suggests that the number of the farms did 
not differ between the downstream areas and other municipalities in the Kinki region. Column (3) uses the 
natural logarithm of the amount of agricultural production value as the explained variable. The coefficient 
is negative and insignificant. From the result, we can consider that the downstream areas of Lake Biwa 
were not inferior in the amount of agricultural production to other areas in the Kinki region. 
From the placebo test, we can observe the consistent results that the downstream areas of Lake Biwa 
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did not have disadvantages in agriculture compared to other areas in the Kinki region in 1970. We 
consider that the inferiority of primary industries in the downstream areas of Lake Biwa were 
caused by the LBCD project. 
 
An important question remains whether the amounts of nutrient in rivers really decrease after 
constructing dams. To investigate the point, we conduct event study estimating the impacts of constructing 
dams on the amount of nutrients in the water resource. The model is as follows: Nutrient([ 	= 𝛼 + β𝐑𝐢𝐯𝐞𝐫𝐏𝐨𝐢𝐧𝐭𝒊 × 𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 + η( + 𝛿[ + ε([.           (3) Nutrient([ is the amount of nutrients in river’s point i in year t. 𝐑𝐢𝐯𝐞𝐫𝐏𝐨𝐢𝐧𝐭𝒊 is a vector composed by 
the river’s point dummies become one if i is each river’s point. 𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 is a vector of year indicators 
that become one if each dam is completed in year t. By β, we observe the impacts of constructing dams on 
the amount of nutrients in the river where the dam located in. η( indicates river fixed effects, and 𝛿[ is 
year fixed dummy variables. ε([ is the error term, which comes from the time invariant characteristics of 
river i. 
As Nutrient([, we adopt natural logarithmic of the amount of nitrogen, and of phosphorus in river i32. 
To obtain the data, we refer Yearbook of River Water Quality in 2006 reporting the amount of nutrients in 
each point of rivers every year between 1995 and 2005. There were 110 dams constructed between the 
periods in Japan. The yearbook records the amount of nutrients of 16 rivers (81 points of them) where the 
                                                        
32 Units of the nutrients are milligram per liter. 
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dams located in. Figure 4.3 shows the locations of the dams.  
 
Table 4.4 shows the result of the event study. Column (1) is the estimation using the natural logarithmic 
of nitrogen in rivers. The coefficient is negative with 10% significance. The magnitude is that constructing 
dams decreased the amount of nitrogen flowing in the rivers by about 5.8 percentage points on average. 
Column (2) describes the impacts of constructing dams on the amount of phosphorus in the rivers. The 
coefficient is negative with one percent significance. We can observe that the amount of phosphorus flowing 
in the rivers decreased by about 14.6 percentage points after constructing the dams. 
Those results suggest that constructing dams decreases the amount of nutrients flowing in the rivers. 
That is consistence with our hypothesis that constructing dams causes reduction of nutrients in rivers 
thorough their accumulation in dam lakes. 
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In addition, we consider the transition of the amounts of nutrient in Yodo River. However, we cannot 
observe the amounts of nitrogen and phosphorus in Yodo River before the LBCD project. Instead of 
nitrogen and phosphorus, we analyze the Biological Oxygen Demand (BOD) of Yodo River. BOD is one 
of the indexes of water quality and shows the amounts of organic matter in rivers. Since BOD is known to 
increase by increases in the amounts of nutrient in rivers, we regard BOD as a proxy for the amounts of 
nitrogen and phosphorus in rivers. From our hypothesis, the level of BOD of Yodo River would decrease 
after beginning of the LBCD project through decreases in the amounts of nitrogen and phosphorus in Yodo 
River.  
Figure 4.4 shows the transitions of BOD of Yodo River and rivers of Japan. We observe that BOD of 
Yodo River become lower than other rivers after 1975. The data are consistent with our hypothesis that the 
LBCD project decreased the level of BOD of Yodo River through decreases in the amounts of nitrogen and 
phosphorus in Yodo River. 
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   In addition, constructing flood control dams in Shiga Prefecture may have had impacts on primary 
industries in the downstream regions. We conduct an event study to understand the effects of constructing 
flood control dams on primary industries of their downstream areas using Shiga Prefecture’s municipal-
level data. The estimation model is as follows: Primary([ 		= 	α([ + 	β𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 × 𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕𝒊 		+ 	η( +	σ[ 	+ ε([.           (4) 
We define 𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊 as the vector of dummy variables that become one if municipality i is contained 
in the downstream area of each flood control dam. 𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕𝒊 is the vector of year dummies that are 
one if the construction of each flood control dam is completed in year t. Therefore, the product of 𝐃𝐨𝐰𝐧𝐒𝐭𝐫𝐞𝐚𝐦𝒊	and	𝐂𝐨𝐧𝐬𝐭𝐃𝐚𝐦𝐬𝒕 becomes one only when the construction of the dam located upstream 
of municipality i is completed. 
   Municipalities in Shiga Prefecture are appropriate for our event study. As a reason, almost all of the 
municipalities are in downstream areas of completed or suspended control flood dams. From the 
characteristics, we consider that the municipalities in Shiga Prefecture are different only in the periods of 
the dams’ constructions located in their upstream area. Utilizing the difference of the periods of their 




Table 4.7 shows the results of estimations analyzing the impacts of constructing dams on primary 
industries in the downstream areas in Shiga Prefecture. Column (1) is the analysis using the natural 
logarithm of the amount of production value per farmer as the dependent variable. The coefficient is 
negative with five percent significance. The result shows that constructing the dams decreased agricultural 
productivity in the downstream areas by approximately 11.9 percentage points. The result is consistent with 
our hypothesis that construction of dams has negative impacts on agriculture also in Shiga Prefecture. 
Column (2) shows the estimation adopting the natural logarithm of the number of farms as the 
dependent variable. The coefficient is positive and insignificant. The result suggests that constructing dams 
did not affect the number of farms in the downstream areas of the dams. Column (3) uses the natural 
logarithm of the amount of agricultural production value as the dependent variable. The coefficient is 
negative with 10 percent significance. As the magnitude, constructing the dams decreased the amount of 
agricultural production value in the downstream areas by approximately 9.17 percentage points.  
   From the results, we can observe that constructing the dams had negative effects not only in the Kinki 
region as whole but also in Shiga Prefecture. We consider that the construction of dams in Shiga Prefecture 
decreased the amount of nutrients flowing in the rivers. The changes of nutrients had negative effects on 
agriculture in the downstream areas, even in the areas through which Yodo River passes. 
   Column (4) is the result of the analysis using the natural logarithm of the number of fisheries as the 
dependent variable. The coefficient is negative and insignificant. The result suggests that constructing the 
dams did not affect the number of fisheries in the downstream areas of Lake Biwa. The result is not 
consistent with that shown in column (5) of Table 4.2, suggesting the negative effects of constructing dams 
on the number of fisheries in the downstream regions. As a reason, we consider that constructing the 
lakeshore road, contained in the LBCD project, affected fishing industries in the developed areas. The 
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lakeshore road was constructed to improve accessibility to Lake Biwa and the surrounding areas. It 
reclaimed the lake shore and had negative impacts on lakeshore fisheries. The range is approximately 50.4 
kilometers and contains the areas that are not downstream areas of the flood control dams. We consider that 
the lakeshore road had negative impacts on fisheries in the areas not located in the downstream areas of the 
dams. It extinguished the impacts of constructing dams on fishing industries in the downstream areas of the 
dams, and the effects become insignificant. 
From the results, we conclude that the LBCD project had negative effects not only the Yodo River water 
supply areas but also in Shiga Prefecture. The results are consistent with our hypothesis that constructing 
dams decreased the performance of primary industries in the downstream areas. 
 
4.5. Conclusion 
This study examines the impacts of the LBCD project, a large-scale water resource development project 
conducted between 1972 and 1997 in Lake Biwa, on primary industries located in the downstream areas by 
changing of the amount of nutrients in the water using the Kinki area’s municipality-level data between 
1960 and 2000. Our results suggest that water resource developments, especially constructing dams, 
decrease the amount of nitrogen and phosphorus in the water, and the LBCD project decreased agricultural 
productivity and fishing industries’ agglomeration in the downstream areas. 
We consider that the decreases in agricultural productivity are caused by a reduction in nutrients in 
water resources, and farms had to pay larger costs, for instance costs of additional fertilizer, to maintain 
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their production. In terms of fishing industries, the decreases in the amount of nutrients in the 
water would cause growth inhibition of water creatures caught by fisheries and decreases in fishing 
industriesʼ production, accelerating their leaving markets. 
Our results are different from those of Duflo and Pande (2007), who suggest large-scale agricultural 
dams increased downstream areas’ agricultural productivity in India. For this reason, we consider that since 
we focus on development projects aimed at flood control, electricity generation, or the supply of industrial 
water to the downstream regions, its impacts on agriculture in downstream areas would differ from the 
agricultural dams aiming to decrease drought risk focused on by Duflo and Pande. 
We conclude that large-scale water resource developments have impacts on downstream areas’ 
agricultural productivity through decreases in nutrients in the water resources. The impacts are the side-
effects of constructing dams and regard the case of external diseconomy. Few studies have focused on the 
negative impacts of constructing dams. Therefore, the monetary losses in the downstream areas’ agriculture 
have not been compensated. National or regional governments might have to consider the necessity of 





   In this dissertation, we investigate the effects of large-scale public investments on surrounding regions’ 
economic activities using Japanese municipality-level data. We find that those public investments could 
stimulate regional economic activity by enlarging the effects they receive from closely located economic 
agglomeration. In addition, our analyses suggest that governments can accelerate regional industrial 
agglomeration by public investments reducing disaster risk. However, we also find that large-scale public 
works could have negative side effects that shrink the agglomeration of specific industries.  
  In chapter 2, we investigate the relationship between municipalities’ accessibility to the nearest urban 
metropolitan area and rural poverty rates. We focus on the impacts of opening commuting trains on 
surrounding areas’ poverty and conduct a panel analysis. We find that even when we control for regional 
time invariant characteristics, improvements of accessibility to the nearest urban metropolitan area 
significantly decreased poverty rates in the areas closely located to the new commuting train. From our 
estimations, one-minute increases of time distance to the nearest urban metropolitan area increase rural 
poverty rates by approximately 0.002 percentage points and increase the annual expenditure for public 
assistance by approximately 1.75 million yen. In addition, we find that the effects of opening the commuting 
train on poverty in the surrounding areas require 6–10 years to be observed. From the result, we consider 
that spillover effects from economic agglomeration are effective in reducing poverty, and improving 
accessibility to closely located urban metropolitan areas could enlarge the magnitude and range of the 
effects. Transportation investments that improve accessibility to urban metropolitan areas may stimulate 
their own economic performance and reduce poverty. 
   In chapter 3, we investigate the impacts of constructing flood control dams on industrial agglomeration 
in downstream areas by focusing on the case of Shiga Prefecture. From the analyses, we find that the 
reduction in flood risk increases the number of manufacturing plants in their downstream areas. However, 
the effects were limited to manufacturing categories requiring large amount of physical capital. We also 
find that the reduction in flood risk increased manufacturing investments in physical capital but did not 
increase the number of their employees. From the result, we consider that manufacturing industries facing 
disaster risk tend to invest in human resources with greater mobility than physical capital. In addition, 
reduction in flood risk had effects also on commerce industry in downstream areas. The effects required 
more than 10 years to occur. From the result, we interpret that the positive effects on commerce industries 
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are caused by increases in manufacturing industries’ demand for their materials. Therefore, the effects occur 
only after manufacturing industries are activated. Our estimation results suggest that constructing flood 
control dams promotes manufacturing agglomeration in downstream areas. The magnitude becomes larger 
in industries requiring larger physical capital. In the long term, large-scale public investments aiming to 
reduce regional disaster risk could improve the regions’ economic activities even if governments do not 
anticipate the effects. 
Chapter 4 focuses on the LBCD project, a large-scale water resource development conducted in Lake 
Biwa. The project consisted of constructing dams in rivers flowing into Lake Biwa, and we find that 
constructing dams had negative effects on the primary industries in the downstream areas thorough 
decreases in the amount of nutrients flowing in the rivers. In the downstream areas, agricultural productivity 
and fishing industries’ agglomeration decreased after the project. The effects are observed not only in Shiga 
Prefecture but also in the downstream areas of Lake Biwa. Those negative effects of constructing dams are 
not anticipated by the governments. Those effects had not been considered in the contexts of assessments 
of public developments. National or regional governments compensate for the losses of downstream 
primary industries caused by those water resource developments. 
   From our studies, we consider that large-scale public investments can stimulate regional economic 
activities through enlarging regional economic agglomeration or spillover effects from the urban 
metropolitan areas. However, public investments may shrink regional economic agglomeration through 
unanticipated channels. To find those concealed losses and achieve more efficient investments, we need 
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